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Summary
This thesis analyses handover related problems in an integrated GSM and satellite mobile
communication system. Two types of handovers have been taken into account: inter-network
handover and handover within the satellite network. The satellite system has been assumed to
have a Medium Earth Orbit (MEO) constellation, ICO-l0 system has been taken as prototype.
Several issues are of special interests. First of all, a Mobile Terminal (MT) in-call positioning
technique is proposed. The proposed positioning technique can be used to improve
performances for both inter-network handover and handovers within satellite network. In
addition, a number of GSM and satellite integration scenarios are investigated. The system
architecture has been optimised from handover point of view. Moreover, for each of the
considered handover type, handover scenarios are developed by taking the MT's in-call
position (or distance) knowledge into account. To validate the proposed handover scheme,
performances have been investigated in a range of propagation environment for each type of
handover. The performance evaluation is based on an analytical model specifically developed
for handover analysis. With positioning or distance assistance, numerical results show that
inter-network handover achieves similar performances to those of GSM handover.
Meanwhile, a positioning assisted inter-satellite/spotbeam handover also has more accurate
handover position and much lower call dropping probability compared with a handover purely
initiated by signal level measurement.
Major achievements:
1. A MT in-call positioning technique is proposed. Position determination is based on delay
and Doppler shift measurements using a single satellite during a call, no additional
signalling cost is required. In addition, a Kalman filtering technique is applied to the
positioning process, so that position uncertainty can be small enough to improve
performances for both inter-network handover and handover within satellite network.
2. Various GSM-satellite integration scenarios and system architectures are proposed. The
optimisation of system architecture is performed from handover point of view.
J. An analytical model is developed for handover performance analysis. The model has taken
both terrestrial and satellite radio link propagation characteristics into account. Various
handover performances can be derived based on this model.
-+. A positioning (or distance) assisted inter-network handover scenario is proposed. The
MT's position information has been applied to both handover initiation and handover
execution stages.
5. Performances during inter-network handover are analysed. The analysis is based on the
proposed analytical model. Relationship is established between handover performances and
various parameters involved in the handover process.
6. Positioning assisted inter-satellite/spotbeam handover scenario is proposed. The proposed
scenario is also applicable to calls using dual-satellite diversity.
7. Performances of the positioning assisted inter-satellite or spotbeam handover are analysed.
Results are compared with those of signal level initiated handover.
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Chapter 1
Introduction
As a typical second generation mobile communication system, GSM (Global System for
Mobile Communication) has been widely introduced into service. To achieve more immediate
wide area coverage, increase capacity and serve high subscriber traffic density, the possibility
of integrating a dynamic constellation mobile satellite network into already operational GSM
network has been given much attention [1][2][3][4][5].
A number of issues are of equal importance in such an integrated mobile communication
system, including integration system architecture, mobility management, call routing,
handover scenario, traffic resource management, signalling procedure, etc. However, the main
objective of this thesis is to investigate handover related issues in the GSM and satellite
integrated system.
The handovers in a GSM-satellite integrated system fall into three categories: handover
between two BSs within GSM network, handover between two satellites or spotbeams within
satellite network, and handover between different networks. The GSM handover procedure
(on both radio link and terrestrial link) has been fully defined by GSM specifications in very
detail [6], therefore discussion of this type of handover is not a major issue in the thesis. The
main objectives of this research are to develop appropriate handover scenarios and to analyse
related performances for inter-network handovers and handovers in the satellite network.
The inter-network handover is generally triggered by the user's motion. Two handover
directions have been identified: handover from GSM cell to satellite spotbeam and handover
from satellite spotbeam to GSM cell. In the integrated system, the role of satellite network is
to complement and extend the radio coverage to the places where the traffic density is low
(such as rural areas) so that terrestrial cellular network does not provide any coverage.
Therefore a handover from GSM cell to satellite spotbeam will be required whenever a mobile
lTIOVeS out of terrestrial coverage. On the other hand, a handover in the other direction comes
from different reason. Although the satellite network can provide global coverage, it is very
cost demanding for the satellite to provide services to densely populated urban area.
Moreover. the cellular network has been optimised for urban and suburban areas and therefore
provides a better service in these environments. As a result, the satellite spotbeam to GSM
cell handover is to provide better service to the user.
Different from inter-network handover, the handover within the satellite network is generally
triggered by the satellite motion since the satellites have been assumed to have a dynamic
constellation. Because of the fast satellite motion, several types of handover have been
identified in this system. But in the thesis, only two types of handovers are of special interest:
inter-satellite handover and inter-spotbeam handover.
In general. a handover has two stages: handover initiation and handover execution. In the
initiation stage. various radio link parameters are measured and handover decision is made
based on these measurement samples. In the execution stage, an active mobile terminal (MT)
is transferred from its current connection to another by performing a particular networking
procedure. One of the main idea of the thesis is to apply an active MT's position (or distance
to serving BS) information into both handover stages, so that various performances during the
handover can be greatly improved. In particular, for inter-network handover, the main
objectives are to identify the most appropriate handover initiation criteria, connection
establishing scheme and handover signalling procedure in both handover directions (GSM to
satellite, and satellite to GSM). At the same time, optimised system architecture required by
inter-network handover is also proposed. For the handover within satellite network,
networking procedure is quite simple, therefore the main concern during these handovers is
handover initiation. In order to initiate fast handover and to improve handover performances,
a MT positioning assisted inter-satellite or inter-spotbeam handover initiation scheme is
developed. To support above mentioned handover schemes, a MT in-call positioning
technique is also proposed for dynamic satellite constellations. With the assistance of MT's
position knowledge, handover performances achieve great improvement. Throughout the
thesis, ICO-IO satellite system has been taken as prototype.
The thesis has been organised as follows:
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Chapter 2 is the system description, it includes both GSM and satellite standalone network
architectures and some basic assumptions. At the beginning, standalone GSM network
architecture is outlined. Considering the main objective of this thesis, aspects introduced in
this part are network architecture and interfaces between various network entities in GSM
network. After this, the satellite network is introduced. The satellite network is composed of
two parts. The first part is the satellite constellation, the second part is network architecture.
The satellite system to be taken into account in the thesis has a MEO constellation. The ICO-
10 system has been taken as prototype.
Chapter 3 gives introduction of various handover scenarios. It classifies a handover according
to a number of different criteria. In the handover initiation phase, the handover has been
classified into four categories in terms of the applied handover controlling schemes: Mobile
Controlled Handover (MCHO), Network Controlled Handover (NCHO), Mobile Assisted
Handover (MAHO) and Network Assisted Handover (NAHO). In the handover execution
phase, the handover can be classified according to the applied connection establishing scheme
or connection transference scheme. Two connection establishing schemes are introduced:
backward handover and forward handover. The handover connection transference schemes
already identified are hard handover, diversity handover and asynchronous diversity handover
(proposed for inter-network handover). The combination of various schemes produces a
particular handover scenario. Through analysis in this chapter, several scenarios are
considered to be more appropriate for handovers in the integrated system. These scenarios will
be used in the following chapters for performance analysis.
GSM-satellite integration scenarios applicable for inter-network handover are discussed in
chapter 4. Several integration scenarios have been identified for GSM and satellite integration.
It is proposed in this chapter that a particular integration scenario can be determined by
specifying the GSM-satellite integration level and relationship between the two integrated
networks. The integration levels introduced in this chapter are terminal level, network level,
MSC level and BSS level integration. In addition, two types of network relationships in the
integrated system have been proposed: parallel relationship and master-slave relationship. At
the end of the chapter, two system architectures have been selected from a number of possible
options based on inter-network handover requirement. They will be used later for handover
design.
3
Chapter 5 gives the detailed introduction of the MT in-call positioning technique using a
single satellite. The proposed technique is based on delay and Doppler shift parameters
measured by the satellite ground station during a call. Several issues will be addressed in this
chapter. At the beginning, it presents the procedures of MT position determination. Then,
position error is evaluated for the proposed technique under various conditions. In order to
overcome the large measurement noise and achieve satisfactory positioning accuracy, a
Kalman filtering technique is applied into the MT position evaluation process. To validate this
in call positioning technique, numerical results are obtained through simulation. The
simulation results show that positioning uncertainty produced by this technique can be small
enough to support the considered applications as long as the call lasts long enough.
Based on the introduced system architectures and MT positioning technique, inter-network
handover scenario can be designed in detail. This task has been done by separating the
handover initiation with handover execution. The main task of inter-network handover
initiation analysis is to develop appropriate handover initiation criterion and to evaluate
performances in the handover initiation. This is performed in chapter 6. A number of
handover initiation criteria have been identified to be applicable to inter-network handover.
However, through performance analysis, a MT positioning or distance assisted inter-network
handover initiation scheme achieves much better performances. In particular, in the GSM to
satellite handover direction, a distance assisted backward handover procedure has more
accurate handover position and much lower unnecessary handover rate compared with a
forward handover. At the same time, its call dropping probability is also at acceptable level. In
the satellite to GSM handover direction, more accurate handover position can be achieved if
the MT' s position can be taken into account during its handover initiation.
Analysis of handover execution is given in chapter 7. The main objectives of handover
execution discussion are to identify the optimised inter-network handover signalling
procedure and to derive the most appropriate system architecture from inter-network handover
point of view. The discussion is performed by comparing the performances produced by
various handover signalling procedures and system architectures. Performances considered are
handover execution time, handover break duration and required modifications on GSM
interfaces. The handover execution procedure is defined by selecting a particular connection
establishing scheme, handover controlling scheme and GSM-satellite integration level. In
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particular, a backward handover scheme is compared with a forward handover scheme.
Through numerical comparison, the backward handover scheme has been considered to be
more appropriate in both handover directions in terms of the overall handover performances.
Meanwhile. inter-network handovers in both directions prefer a system architecture with BSS
leve1 integration. At the end of chapter 7, connections are established between chapter 6 and
chapter 7. Optimised GSM-satellite inter-network handover scenarios are proposed based on
the above discussions.
Chapter 8 gives the analysis of handovers within satellite network. The handovers considered
in this chapter are inter-spotbeamlinter-satellite handover (inter-beam handover) or inter-
spotbeamlintra-satellite handover (inter-satellite handover). Similar to inter-network
handover, the handover in the satellite network is also composed of two stages: handover
initiation stage and handover execution stage. Again, the MT in call positioning technique can
be applied to both stages. By applying this positioning knowledge, handover performances in
both stages can achieve great improvement without any additional cost.
The mobile terminal position information can be applied to both handover initiation and
execution stages, without considering whether diversity links have been used during the call.
In the execution stage, it is used by the network to calculate absolute delay between the MT
and target satellite, so that re-synchronisation with the target satellite can be performed with
very limited delay. In the initiation stage, a positioning assisted handover initiation algorithm
is proposed for dynamic mobile satellite constellations. In the proposed algorithm, a handover
can be initiated by either signal level measurement, MT's position, or their combination. With
the MT positioning knowledge available on the satellite network, the handover can be
initiated faster and more accurate handover position can be achieved.
Throughout the thesis, most of the performance evaluations are based on an analytical model
proposed for handover analysis. To validate this model, the most critical part has been verified
by simulation.
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Fig. 1-1 gives the relationship between various chapters.
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Chapter 2
System Overview
In this chapter, both GSM network and satellite network constructions will be introduced. The
GSM is a digital land mobile system based on a TDMA multiple access scheme and the use of
CCITT and CCIR standards. By offering powerful signalling capabilities, the GSM can
provide digital voice transmission, supplementary services, enhanced roaming and handover
through automatic network location detection and registration. The satellite component
considered in the thesis has a dynamic constellation operating in the Medium Earth Orbit
(MEO). Most of the parameters are based on ICO-I0 satellite system [12].
2. 1 GSM system description
The Global System for Mobile Communications (GSM) is a digital cellular mobile
communication system developed by European Conference of Postal and Telecommunications
Administrations (CEPT). It has two objectives: pan-European roaming which offers
computability throughout the European continent, and interaction with other networks like the
Integrated Service Digital Network (ISDN) and Public Switching Telephone Network
(PSTN), which offers the capability to extend the single subscriber line system to a multi-
service system. Along with its development, now the GSM standard also has been adopted in
many non-European countries. In applying GSM to satellite networks, a clear understanding
for GSM network architecture and functionality is required, and this is the main subject of this
section.
2.1.1 GSM network architecture
The basic configuration of a Public Land Mobile Network (PLMN) and the interconnection to
the PSTNIISDN are presented in Fig. 2-1. This configuration presents all possible signalling
interfaces which can be found in any PLMN [7]. The specific implementation in each country
rna be different: SOIl1e particular functions may be gathered in the same equipment and then
SOIl1e interfaces may become internal interfaces.
Fig. 2-1 GSM network architecture
From Fig. 2-1 , a PLMN is composed of various network entities. Functions performed by
the e entities are described below.
The Home Location Register (HLR)
This functional entity is a data base in charge of the management of mobile subscribers. A
PLM may contain one or several HLRs. It depends on the number of mobile subscribers, the
capacity of the equipment and the organisation of the network. Two kinds of information are
stored in the HLR:
• the subscriber information;
• some location information enabling the routing of call towards the MSC where the MS is
located (e.g. the MS roaming number, the VLR address, the MSC address and the local MS
identity).
Two numbers are attached to each mobile subscription and are stored in the HLR:
• the International Mobile Station Identity (IMSI);
• the Mobile Station International ISDN number (MSISDN).
The data base also contains other information such as:
• routing information (e.g. Mobile Station Roaming Number MSRN);
• basic telecommunication services subscription information;
• service restrictions (e.g. roaming limitation);
• parameters attached to each supplementary service.
The organisation of the subscriber data is detailed in [8].
The Visitor Location Register (VLR)
A mobile station roaming in an MSC area is controlled by the VLR in charge of this area.
When a mobile station appears in a location area it starts a registration procedure. The MSC in
charge of that area notices this registration and transfers to the VLR the identity of the
location area where the MS is situated. If this MS is not yet registered, the VLR passes
information to the HLR which will enable routing of calls to the MS via the fixed network. A
VLR may be in charge of one or several MSC areas.
The VLR also contains the information needed to handle the calls received by the MSs
registered in its data base. In its data base, the following elements are included:
• the IMSI;
• the Mobile Station International ISDN number (MSISDN);
• the Mobile Station Roaming Number (MSRN). This number is allocated to the MS either
when the mobile is registered in an MSC area or on a per call basis. It is used to route the
incoming calls to that station;
• the Temporary Mobile Station Identity (TMSI);
• the Local Mobile Station Identity;
• the location area where the mobile station has been registered. This data will be used for
MS terminated calls.
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The Mobile Switching Centre (MSC)
The MSC is an exchange which performs all the switching functions for mobile stations
located in a geographical area designated as the MSC area. The main difference between an
MSC and an exchange in a fixed network is that the MSC has to take into account the impact
of the allocation of radio resources and the mobile nature of the subscribers and has to
perform the following functions:
• procedures required for the location registration;
• procedures required for handover.
The Base Station System (BSS)
The BSS is the system of base station equipment (transceivers, controllers, etc.) responsible
for communicating with MS in a certain area. The radio equipment of a BSS may cover one or
more cells. A BSS may consist of one or more base stations. A BSS is composed of one Base
Station Controller (BSC) and several Base Transceiver Stations (BTS). A BSC is a network
component in the PLMN with the functions for controlling of one or more BTSs. A BTS is a
network component which serves one cell and is controlled by a BSC.
The Gateway MSC (GMSC)
In the case of incoming calls to the PLMN, if the fixed network is unable to interrogate the
HLR, the call is routed to an MSC. This MSC will interrogate the appropriate HLR and then
route the call to the MSC where the MS is located. The MSC which performs the routing
function to the actual location of the MS is called the GMSC.
2.1.2 Signalling channels on GSM radio link
2.1.2.1 Logical channel definition
In GSM system, the radio subsystem provides a number of logical channels that can be
separated into two categories [9].
Traffic channels (TCH): the traffic channels are intended to carry two types of user
information streams: encoded speech and data. There are two types of traffic channels defined
in GSM specification: Bm or full-rate (TCH/F) and Lm or half-rate (TCH/H) traffic channels.
Signalling channels: the signalling channels can be sub-divided into BCCH (broadcast control
channel). CCCH (common control channel), SnCCH (stand-alone dedicated control channel)
and ACCH (associated control channel). An associated control channel is always allocated in
conjunction with either a traffic channel or a SnCCH.
The BCCH channels are only used in the direction from BS to MT. There are two types of
BCCH. The first one is frequency correction channels (FCCH). This channel is to provide
frequency synchronisation between a MT and BS to which the MT is listening. The other one
is the synchronisation channel (SCH) which is used for frame synchronisation between a MT
and a BS.
There are three types of CCCH channels. The paging channel (PCH) is used to page a MT
from the BS in case of mobile terminated call. The random access channel (RACH) is used in
uplink for a MT to request a dedicated signalling channel. Finally the access grant channel
(AGCH) is provided in downlink direction to allocate a stand-alone dedicated control channel
or traffic channel requested by a MT.
The SDCCH channels is used for setting up services requested either by a mobile user or a
terrestrial user. It provides signalling transmission on both directions (BS ---7 MT and
MT ---7 BS).
Finally, there are two types of ACCH channels. The fast associated control channel (FACCH)
provides fast signalling transmission between a MT and BS during a call. The slow associated
control channel (SACCH) provides signalling transmission with low transmission speed
between a MT and its serving BS during a call.
Logical channels used in GSM network are outlined in the following table.
FCH - Frequency correction 1\
-
-- BCCH - broadcast data I \
--- SCH - Synchronisation
--- PCH - Call announcement
-
-- AGCH - Access grant and immediate assignment
-
-- <:»
RACH - Random access
..
MT - BS
-
TCH - Traffic (\ ..
-- SACCH - Slow associated control -
-
--- FACCH - Fast associated control -
-
--- V -
-
DCCH - Dedicated control r;
--- SACCH - Slow associated control -
-
....
-- FACCH - Fast associated control -
-
..
-- V -
Fig. 2-2 Logical channels on the GSM radio link
2.1.2.2 Mapping of logical channels on physical channels
Relationship between the logical channel and the physical channel is presented for GSM radio
link in this part. For handover purpose, several logical channels are significant: traffic channel
(TCH). slow associated control channel (SACCH), fast associated control channel (FACCH)
and common channel signalling (CCS). The main concerned features of the satellite radio link
are outlined below.
Table 2-1 TDMA frame structure of GSM radio link
Items Values
TDMA frame duration 4.615 ms
Number of TS / frame 8
Timeslot duration 0.577 ms
TDMA channel rate 273 kbits/sec
Voice source coding rate 13 kbits/sec
Total number of bits 456 bits
Voice data / time slot 260 bits
SACCH information rate 382 bits/sec
FACCH information rate 9.2 kbits/sec
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TCH: The voice signal is sampled at 8k samples/s rate, or 160 samples/20ms. The output from
encoder is 260 bits/20ms which corresponds to 13 kbits/s. With channel coding, this 260 bits
becomes 456 bits/20ms which is finally divided into 8 groups, 57 bits each group. Two groups
will be transmitted in each timeslot, so that 114 bits are transmitted within 0.577ms duration.
SACCH: The signalling message is coded in blocks, with each of them having 184 bits (23
bytes). With the same mechanism as channel coding for voice data, 456 bits is produced. This
-1-56 bits are divided into 4 different bursts, 1 burst/26 frame= l20ms, so that the total 23 bytes
are transmitted with 480ms duration.
FACCH: The signalling message is coded in blocks, with each of them having 184 bits (23
bytes). With the same mechanism as channel coding for voice data, 456 bits is produced.
However. different from the SACCH, this 456 bits are divided into 8 different bursts, 57
bitslburst. Every 57 bits is transmitted through one TCH.
2.1.3 Signalling channels on GSM terrestrial link
Terrestrial channels in GSM network are defined by various signalling interfaces. Fig. 2-3
gives an outline for each of the interface and inter-connection between network entities.
~ I HLR I
F C D
~ Abis ~ A I MSC I B I VLR I
E G
I MSC I B I VLR I
Fig. 2-3 Terrestrial signalling interfaces in GSM network
In general, terrestrial signalling links in GSM network have two different types: Mobile
Application Part (MAP) [10] and signalling between MSC and BSS (BSSAP) [11]. The
signalling interface between MSC and BSS is defined as A-interface. Other interfaces like B,
C, D, E, F and G-interfaces use MAP procedure. Each type of interface in GSM network
makes use of CCITT No. 7 as its transport mechanism. Detailed description for SS#7
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signalling system will be given later. In the following part, the general functionality for each
signalling interface is introduced.
Interface between the HLR and the VLR (interface-D)
This interface is used to exchange the data related to the location of the MS and to the
management of the subscriber. The main service provided to the mobile subscriber is the
capability to set-up or to receive calls within the whole service area. To support this function,
the location registers have to exchange data.
Information carried by D-interface: (1) MT's location (VLR to HLR) (2) MT's roaming
number (VLR to HLR). (3) Mobile service profile (HLR to VLR). (4) Location cancellation
(HLR to VLR).
Interface between the MSC and its associated VLR (interface-B)
The VLR is the location and management data base for the MS roaming in the area controlled
by the associated MSCs. Whenever the MSC needs data related to a given MS currently
located in its area, it interrogates the VLR. When an MS initiates a location updating
procedure with an MSC, the MSC informs its VLR which stores the relevant information in
its tables. This procedure takes place whenever an MS roams to another location area.
Information carried by B-interface: (1) Mobile user subscription (VLR to MSC). (2) User
current location (VLR to MSC). (3) Location cancellation (MSC to VLR).
Interface between the HLR and the MSC (interface-C)
At the end of a call for which the MS has to be charged, the MSC of this MS may send a
charging message to the HLR. When the fixed network is not able to perform the interrogation
procedure needed to set-up a call to a MS, the GMSC must interrogate the HLR of the called
user to know the roaming number of the called MS.
Information carried by C-interface: (1) Charging information (GMSC to HLR). (2) Mobile
user ISDN number (MSC to HLR). (3) Mobile user roaming number (HLR to MSC).
Interface between MSCs for handover (interface-E)
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When a MS moves from one MSC area to another during a call, a handover procedure has to
be performed in order to continue the communication. For that purpose the MSCs have to
exchange data to initiate and then to realise the operation.
Information carried by E-interface: (1) Current cell description (MSC 1 to MSC2). (2) Service
description (MSCI to MSC2). (3) Target channel description (MSC2 to MSCl). (4) Handover
number (MSC2 to MSC 1).
Interface between the MSC and BSS (interface-A)
The BSS-MSC interface is used to carry information relating to BSS management, call
handling and mobility management procedures. A detailed description of A-interface is found
in [11]. This is the most frequently used interface in GSM network. It is characterised by high
signalling traffic density and fast signalling exchange. For this reason, a dedicated link is
required for the A-interface implimentation.
Interface between an exchange in a fixed network and an HLR
When a subscriber wants to set-up a call towards a MS, after analysing the dialled number, his
exchange detects that it has to perform specific procedures in order to know the actual routing
address of the called user. According to the ISDN number of the MS, the originating exchange
performs the interrogation procedure with the HLR of this MS. As an answer of this
interrogation, the HLR gives the roaming number allocated by the VLR to that MS. According
to that address, the originating exchange can set-up the connection to the actual location of the
MS, i.e. the MSC where the MS has been registered.
This interrogation procedure may occur from a transit exchange if the local exchange of the
calling subscriber is not able to provide such a function.
2.2 Satellite system description
The ICO-I0 (Inclined Circular Orbit) dynamic mobile satellite system has been taken as
reference in this thesis [12]. Because of the limitation of the available information, some
parameters applied in the discussion have to be based on assumptions. For the considered
mobile satellite system, two components have to be specified: space component and terrestrial
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rnp nent. In the following , each component will be introduced. Performance analysis will
t ba d on th i introduction .
-._.1 atellite network architecture
Th sate llite net work is composed of Land Earth Station (LES), Mobile Satellite Switching
entre S ). Satellite Visitor Location Register (SVLR), Network Management Centre
( M ). Operation ' and Maintenance Centre (OMC) and shared Satellite Home Location
R aist r ( HLR). Similar to a GSM MSC, the MSSC provides all necessary functions in order
t handle the call t and from a MT. The LES is a network component responsible for
~
mrnu nicating with a MT through the satellite radio link in the associated LES coverage. The
HLR i a I ation regi ter performing functions similar to GSM HLR. The SVLR is the
ati n regi ter u ed b the ass ociated MSSC to retrieve information for call handling to and
fr m a r arn ing termina l currently located in the MSSC area. A general description of the
~ ate II ite network architec ture is shown in Fig. 2-4.
- - - - - - Netwnrk management interface
Terrestrial sil(nalli nl( interface
- . - . - . - Air interface
SAN
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Fig. 2-4 General network architecture of satellite component
A Satell ite Access No de (SAN) is defined in the satellite network which is composed of
sse, LES and SVLR. Access to the satellite will be via a network of a number of SAN
pread over the surface of the earth so that each satellite is always connected to at least one
SAN. Depending on its location on the earth and the instantaneous position of the satellite,
each MT will be able to connect via one or more satellites to one or more SANs.
functions. The MSSC will be in charge of communications and mobility management
functions with the co-operation of the SVLR. The SANs will be mutually interconnected via a
terrestrial inter-SAN network using a combination of private networks, leased lines and dial
up lines. The inter-SAN network will also provide connections to a Network Management
Centre (NMC). Operations and Maintenance Centre (OMC) and shared mobility and
management and security databases (HLR, AUC, EIR). The inter-SAN network will be used
for network management as well as call signalling, call routing or both.
LES/SAN operations will be controlled from the NMC via the OMCs. The NMC has the
overall control of the satellite system. As part of the NMC function, the Satellite Resource
Management System (SRMS) allocates satellite resources to the LESs. The SRMS does not
communicate directly with the satellite but relays control signals to the satellite via LESs. The
shared Mobility Management and Security databases (HLR, AUC, EIR) enable subscribers to
receive and make calls anywhere in the world.
The number and locations of SANs and the configuration of the inter-SAN network will be
chosen based on technical considerations on how to optimally and equitably provide the best
global coverage. The SAN operator will not compete but will co-operate to provide full global
coverage for MTs.
When logging on to the system, registration of the mobile location will be handled internally
at the optimum SAN chosen by the satellite network.
Services to mobiles between widely spaced SANs will be provided by either one or other of
the SANs depending on the instantaneous satellite position. However, calls will always be
routed via the same SAN throughout a call. Satellite path diversity for the MT can be provided
via a single SAN. Satellite path diversity may possibly be provided via multiple SANs in
which case signals for one of the diversity paths would have to be routed via the inter-SAN
network.
Normally a mobile terminated call to the satellite single mode terminal will be routed by the
optimum route as decided by the network either via the inter-SAN network or international
PSTN.
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T anal e GSM-satellite integration scenario, the satellite network architecture is simplified
into Fig. _-5. Comparing Fig. 2-5 with Fig. 2-4, network entities relating to management and
rnaintenance function have been ignored since these entities have no impact on GSM-satellite
integration '- cenario . In addition, the MSSC in Fig. 2-4 has been split into two entities:
G~1S C and MSSC. Similar to GMSC in a PLMN, the GMSSC interrogates the appropriate
SHLR and routes a satellite related call (to and from a mobile user) to its destination. The
1SSC perform similar functions as those of GSM MSC.
Similar to GSM, network entities in the considered satellite network also belong to three
different level. t network level, network entities are Gateway Mobile Satellite Switching
Centre (G ISSC) and Satellite Home Location Register (SHLR). Since the SHLR is shared by
a number of S ,generally distance from the SHLR to the GMSSC is long. Network
entitie at SC Ie el are Mobile Satellite Switching Centre (MSSC) and Satellite Visitor
Location Regi ter (SVLR). Finally, network entity at BSS level is the Land Earth Station
(LES) . If the LES has several satellites in view, the LES coverage can be as large as the
combination of several satellite coverage. It is suggested in this paper that inter-connection
with a particular GMSSCIMSSCILES is only required by those PLMNs which are within this
LES coverage. Any other PLMN does not require this inter-connection as the user under that
PL coverage can not communicate with this LES through the same satellite.
I=~·~~ 'GMSSC 'l}-
- - - - - - - -"--.-
PLMN level
MSC level
LES
Fig. 2-5 Simplified satellite network architecture
In the following, investigation of GSM-satellite integration will be based on this simplified
satellite network architecture.
2.2.2 Signalling channels on the satellite radio link
2.2.2.1 Logical channel definition
Similar to GSM. on the satellite radio link, a set of logical channels have been assumed in the
thesis. These logical channels and their functions are analogous to GSM. They are designed to
support various signalling procedures. These logical channels are shown in Fig. 2-6.
FCH - Frequency correction (\.....
- BCCH - broadcast data
.-
- SCH - Synchronisation
.- I
- PCH - Call announcement <:»
..... A
- AGCH - Access grant and immediate assignment
.....
-
v
RACH - Random access
....
-MT LES
........
TCH - Traffic (\
...
- SACCH - Slow associated control -
..... ...
- FACCH - Fast associated control -
.- ....
- V ....
.....
DCCH - Dedicated control (\ ...
- SACCH - Slow associated control ....
.- ...
- FACCH - Fast associated control -
........
...
- V -
Fig. 2-6 Logical channels in the satellite radio link
2.2.2.2 Mapping of logical channels on physical channels
In this part, relationship between the logical channels and the physical transmission link is
presented. For handover purpose, several logical channels are significant: traffic channel
(TCH), slow associated control channel (SACCH), fast associated control channel (FACCH)
and common channel signalling (CCS). The main concerned features of the satellite radio link
are outlined below.
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Table 2-2 TDMA frame structure of satellite radio link
Items Values
TDMA frame duration 40ms
Number of TS / frame 6
Titneslot duration 6.67 ms
TDMA channel rate 36 kbits/sec
Voice source coding rate 2400 bits/sec
Total number of bits 240 bits
Voice data / time slot 96 bits
SACCH information rate 200 bits/sec
FACCH information rate 2400 bits/sec
The traffic channel (TCH) is multiplexed with in-band signalling (SACCH) using the TCH
burst structure and is allocated in one carrier and one time slot. The SACCH uses 16 bits per
normal traffic burst, with 1/2 rate convolution coding. This corresponds to a net information
rate of 200 bits/sec. The traffic channel uses QPSK modulation scheme, which has a bit rate
36 kbits/sec. When needed, one burst is stolen and replaced by a full signalling packet
(FACCH). It still uses the normal burst structure but there is a flag in the burst to indicate it is
a FACCH burst.
In order to access the system, the MT needs to know the physical parameters of access
channels. This is performed by listening to Common Channel Signalling (CCS). The CCS has
three components: FCH, SCH and BCCH. They are time multiplexed on the same carrier (one
in each beam). For an idle MT, the CCS is used to broadcast user related information. For an
active MT, the CCS signal level can be used to make handover decision.
The structure of the forward CCS uses a 25 TSs repetition pattern (166.7ms, one multiframe)
and has been designed for fast acquisition. The 25 TS multiframe is selected to allow efficient
monitoring at the MT: within a cycle of Is (6 x 25TS, one superframe) and whatever the
Rx/Tx TS allocation for the TCH, the MT is always guaranteed to have a monitoring window
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available for CCS power measurements, This is shown in Fig. 2-7. The spotbeam handover
will be using thi s feature as described in Chapter 8.
--
25 TDMA frame =1s =1 superframe
... ..
6 TS = 40ms =1 TDMA frame
...
-.. ...
0 1------ 4 ------ 1 8 1------1 12 1------1 16 1_-----I 20 1------1 24
25 rs = 166.7ms =1 rnulti tram e
: ~ ~ :
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Fig. 2-7 CCS multiframe structure
From Fig. 2-7, There are one BCCR and SCR burst every 25 time slots. This allows the
BCCR to cycle over the time slots position 0 to time slot position 5 of the 6 slots TDMA
tructure over I s superframe duration. The SCR is inserted in the BCCR burst by means of
providing a synchronisation sequence. In addition, there are two FCR burst every multiframe.
With this structure, during a call through the satellite radio link, signal level sampling interval
for each surrounding beam BCCR is at least 1s. This feature will be used in the later chapters
for performance evaluation.
2.2.3 Signalling channels on the satellite terrestrial link
Since the satelli te network has been assumed to have a GSM network architecture, then
signalling connection between different satellite network entities can reuse GSM terrestrial
signall ing interfaces. The satellite network has two types of terrestrial interfaces: satellite
network internal interfaces and signalling interfaces between GSM network and satellite
net work. Their functionality will not be addressed again because of the similarity to GSM
ones.
2.2.4 Space component configuration
Satellite constellation
The space component of ICO-I0 satellite constellation consists of 10 operational satellites
moving in intermediate circular orbit which relay signals between MT and Land Earth Station
(LES). Each individual satellite provides coverage for mobile users above 10 deg elevation to
the satellite. The coverage of each satellite moves along with the satellite motion, but the
coverage of adjacent satellites always overlap so that most of the time a MT at any point on
the earth always has more than one satellite in visibility.
The main constellation parameters of the baseline ICO-I0 constellation are summarised as
follows.
Table 2-3 Baseline leO-tO constellation parameters
Parameters Values
Orbit class lCO
Orbit altitude (km) 10355
Number of satellites 10 (+2 spares)
Number of planes 2 planes, 5 satellites/plane
Inclination (degree) 45
Period (min) 360
Average sat. visibility time (min) 120.6
Average spotbeam visibility time (min) 5
Number of spotbeams / satellite 163
Min. MT elevation angle (deg) 10
Min. LES elevation angle (deg) 5.0
Max. one way propagation delay (ms) 90.0
Spotbeam configuration
For the considered lCO-10 satellite constellation, each satellite has 163 spotbeams
Overlapping between adjacent beams is around 1 degree. One beam is located on the satellite
coverage centre and is surrounded by other beams composing 7 rings. Based on the above
figures, the main parameters are shown in Table 2-4.
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Table 2-4 Spotbeam configuration for the leO-tO system
Spotbean1 location Centre 1st ring 2nd ring 3rd ring 4th ring 5th ring 6th ring
Number of beams 1 6 12 18 24 30 30
Eley. angle(deg) 84.09 75.05 65.67 55.63 44.35 30.32 10
Ground range (km) 407.65 1035.8 1702.4 2242.7 3321.2 4505.0 6451.2
Slant range (km) 10376. 10489. 10713. 11076. 11641. 12587. 14430.
Part of the parameters used in above table have been shown in the following graph.
G round range
Fig. 2-8 Parameters used in Table 2-4
This chapter has outlined the basic architecture for both GSM and satellite networks. From the
analysis, the satellite network has a very similar structure to the GSM one, therefore most of
the GSM signalling interfaces can be reused in the integrated system. This feature will be used
in the integration analysis addressed in chapter 4. In addition, on the radio link, similar logical
channels have been defined in both networks, thus various services provided by the integrated
system can follow similar procedures on the radio link (as well as terrestrial link). For this
reason, the inter-network handover signalling procedure can be also similar to that of GSM
one. Finally, the design of satellite radio link frame structure does not take the GSM
integration into account, therefore the satellite radio link is not compatible with GSM one.
Providing this disadvantage, the consequence is for handover reason, a dual-mode terminal
has to be equipped with two independent transceivers operating on different frequency band,
one on GSM, the other on satellite.
..,-' ..•.'.~
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Chapter 3
Handover General Description
This chapter gives an outline of handover classification, various handover schemes will be
introduced. The handover scenario applicable to each type of handover in the integrated
system will be identified from a large number of options. In addition, the GSM handover
procedure is also introduced.
In an integrated GSM and satellite mobile communication system, handovers can be initiated
for various reasons. First of all, a handover can be initiated due to radio link parameter
degradation. In addition, the network may initiate a handover in order to re-distribute the
traffic for Operation and Maintenance reasons. Finally a user initiated handover arises from
the user's requirement. As a result, the following three types of handover can be
distinguished:
• Radio Link Parameters Initiated Handover is tightly related to the radio link
parameters, the most important of which are signal strength and carrier to interference
ratio. Identification of handover need is accomplished through the monitoring of radio link
parameters (by the terminal and/or the network) and the comparison of their values with
pre-determined threshold values.
• Network Initiated Handover is an important feature of third generation cellular systems.
This handover type consists in the identification of handover need due to system
management issues (including maintenance and system resources utilisation) or service
issues. These elements are not directly related to radio link parameters.
• User Initiated Handover is the handover type for which the identification of handover
requirement is purely based on the user, such as service availability, user service profile,
etc. These user issues are also not directly related to radio link parameters.
It is considered in this thesis that handovers initiated by the last two reasons are more
deterministic and handover procedures have been foreseen to be simpler compared with the
one initiated by the first reason. As a consequence, the research will be based on radio link
parameter initiated handover only.
In general, a radio link parameter initiated handover has two phases. The first phase is
handover initiation, the second phase is handover execution. The main task in the handover
initiation phase is to make radio link measurements and to make handover decision based on
those measurement samples. In the handover execution phase, a new connection is established
and the old connection is released by performing some signalling procedures between the MT
and the network. Handover analysis will be performed according to different phases in the
following chapters.
Various handover scenarios have been identified to be applicable to handovers in the
integrated system, with each of them resulting in different terminal or network complexity,
handover signalling load and handover performances. The way to classify the handover is
dependant on the applied criteria. In the handover initiation phase, handover can be classified
according to the applied handover controlling schemes. In the handover execution phase,
handover can be classified according to connection establishment scheme and connection
transference scheme. Combination of these different schemes produces a particular handover
scenario. An outline of handover scenarios is shown in Fig. 3-1. Their detailed procedure will
be described in this chapter.
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Fig. 3-1 Outline of handover scenarios
3.1 Handover types in GSM-satellite integrated system
Several types of handover have been identified in the GSM-satellite integrated system:
handover between different GSM cells, handover between different networks and handover
between different satellite or spotbeams. Since the GSM handover has been fully defined, the
main objective of this thesis is to propose handover scenarios and to analyse handover
performances for the last two types of handovers. However, as was addressed in chapter 2, the
handover in the integrated system can follow similar procedures to the GSM one, analysis of
GSM handover procedure can also beneficial.
3.1.1 Handovers in GSM network
In GSM network. a handover can be initiated by either MSC or BSS. Signalling procedure for
each type of handover can be variable in terms of different handover initiation reasons. For
traffic resource management reason, an MSC can initiate a handover. The BSS can also
initiate a handover because of the following reasons: a) in order to have a better traffic
distribution among different cells. b) in order to avoid interference. c) in case a traffic channel
allocation failure. d) in order to have a batter quality or power level. Handover between
different PLMNs is not provided in GSM system. If a handover is performed without the
participation of an MSC, it is defined as internal handover, otherwise it is defined as external
handover. Various GSM handovers have been outlined below.
Handover --- MSC initiate: traffic overload(External).
BSS initiate for better distribution in different cells.
because of interference.
for channel assignment failure.
for better quality in adjacent cell(External).
The GSM handover concerned in this thesis is BSS initiated external handover. Two
situations have been identified for this type of external handover: handover between MSCs
and handover within the same MSC coverage. On the GSM terrestrial link, the two types of
handovers follow different signalling procedures. However, on the GSM radio link, the same
procedure can be applied [14]. Both of the GSM handovers will be introduced below.
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3.1.1.1 Handover between MSCs
Assuming an active MT moves from one cell covered by BSS 1 into another covered by BSS2.
If these two BSSs are under the control from different MSCs, then a handover between MSC
coverage is initiated. During this handover, two MSCs are involved (MSC 1 and MSC2). Since
the call was originally established through MSC 1, this MSC always takes the overall control
throughout the call, even though the call has been handed over to MSC2. Signalling procedure
for inter-MSC handover is shown in Fig. 3-2. Below is the description for the graph.
1. During a call through BSS 1 and MSC 1, both uplink and downlink signal on the current
link will be monitored. The uplink is measured by the serving BS, the downlink is
measured by the MT. Parameters obtained from this measurements are signal level, signal
quality and MT-BS distance. However, those surrounding links are only monitored on the
downlink and parameter to be measured is only signal level. This is performed by the MT
based on the message received from the BS, called "BCCH allocation list". Measurement
results are passed back to BSS 1 via message "measurement report".
J Based on handover initiation algorithm described in [6], the time to initiate a handover is
decided by the GSM BS. However, the appropriate target cell should be selected by the
MSC. For this reason, a "handover required" message is passed from BSS 1 to MSC 1 via
the A-interface. Included in this message is a preferred cell list in which all possible target
cells are listed in descending order according to their signal level measurements.
3. Target cell is selected by the MSC 1 from the top of the list. To inform the target MSC
(MSC2) about this handover, a "perform handover" message is passed to MSC2 via E-
interface. Included in this message are original cell description, target cell description and
channel description.
4. A traffic channel is allocated in the target cell (performed by message "handover request"
and "handover request ack."), a handover number is allocated (performed by "allocate
handover number" and "send handover report").
5. The cell channel description and handover number are passed back to the original MSC via
"radio channel ack." through the E-interface. A traffic channel is allocated for this call
using message "lAM" and "ACM".
6. Cell channel description and handover number are received by the MT from message
"handover command" on the original link.
7. The MT switches to the allocated target channel, synchronises its transceiver with the
target BS. This is performed by message "handover access" and "physical information".
The receiving of "handover complete" on the target BS represents the successful operation
of the handover.
8. Call in progress through the target cell.
l\IT MT
'BCCH allocation list
*measurement report *HO required
HO candidate enquiry
HO candidate response *perform HO *HO request
*HO request ack.
allocate HO number
*radio channel ack. send HO report
lAM
*HO command *HOcommand ACM HO access
*physical information
ANS HO complete HO complete
clear command send end signal
clear complete
Fig. 3-2 GSM handover between different MSC coverage area
3.1.1.2 Handover within the same MSC coverage
Assuming an active MT moves from one cell covered by BSS 1 into another covered by BSS2.
If these two BSSs are under the same MSC's control, then a handover in the same MSC
coverage is initiated. Signalling procedure for this handover is shown in Fig. 3-3. As this
handover is similar to the previous one, no description will be given.
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Fig. 3-3 GSM handover in the same MSC coverage area
From Fig. 3-2 and Fig. 3-3, signalling messages during a handover fall into three categories:
radio link signalling messages, signalling messages on the A-interface and signalling
messages on the E-interface, one of the MAP procedure. In the following analysis, the radio
link information as far as handover is concerned comes from [15]. The relevant information
on A-interface comes from [11]. Finally, the MAP procedure related information comes from
[10].
3.1.2 Handover from GSM cell to satellite spotbeam
A handover from GSM to satellite can be generated from one of the following reasons:
• when the mobile terminal is in the boundary cells of the GSM network and is leaving the
GSM coverage, but still inside a spotbeam. In this case, the handover from a cell to a beam
may be regarded as an extension of the usual inter-cell handover, as it permits the
communication to be continued during the movement of the user.
• when the mobile terminal is approaching to a cell completely busy (i.e., traffic overflow)
and the cell is covered by the satellite footprint. This feature is relevant to areas where cells
and satellite footprints are overlapping.
• when a call is handed over to satellite network soon after its call set-up is done via the
terrestrial network. This is considered to be a faster way to set-up a call in the satellite
network.
In the first case, the handover is initiated by radio link parameter measurement. Co-operation
between network and terminal is required. In the last two cases, the handover will be
completely managed by the network without the terminal's co-operation. Handover procedure
discussed in the following refers to the first case. This is shown in Fig. 3-4.
MSC
SAN satellite
MT
Original link Target link
Fig. 3-4 Handover from GSM to satellite
During a call through GSM radio link, the call is routed to fixed network (PSTN/ISDN) via a
BSS (and MSC). When the handover controlling entity (BSS in GSM network) has detected
that a handover to satellite is required based on pre-defined handover initiation criterion, a
new connection to the satellite SAN will be established. This is done by performing a
handover execution signalling procedure. In addition, a traffic channel is also established
between the SAN and the original serving MSC, and the serving MSC functions as the relay
point throughout the call.
3.1.3 Handover from satellite spotbeam to GSM cell
The main objective of handover from satellite to terrestrial is to reduce the occupancy of
satellite resources, increasing the availability of satellite channels and improving service
quality. This procedure should be invoked whenever a cellular traffic channel becomes
available in the area where a terminal is communicating through the satellite link. Cells that
should be provided with this functionality belong to two different categories:
• Boundary cells of the terrestrial radio coverage. In case an active terminal using satellite
radio link enters into GSM coverage, the communication should be passed to one of the
GSM cell.
• Cells inside the GSM network whose surrounding cells have frequent traffic overflow. The
handovers apply to those MTs which move from cells with traffic overflow to cells with
enough capacity. When the terminal leaves the overloaded cell, the call should be handed
back to the GSM network.
This type of handover is shown in Fig. 3-5.
SAN satellite
MT
MSC ass
Original link Target link
Fig. 3-5 Handover from satellite to GSM
This handover can be initiated from different factors. In order to make a proper decision, the
following information has to be taken into account:
• Radio link measurements;
• Information about handover thresholds;
• Information about the status (related to the traffic channels' availability) of the current and
candidate cells;
• User profile (information about the preferences of the subscriber).
In addition, the implementation of the handover requires special concern for the following
Issues:
• It must be possible for the satellite system to identify the target cell, so that the satellite
SAN knows to which GSM MSC (or BSS) a new link should be set up. The problem is
related to the MT's positioning determination during a call using satellite radio link, and
this position should be accurate enough and should be updated throughout the call.
• The terminal has to evaluate signal level or quality received from the terrestrial BS. The
exact time of initiating this handover is based on these information.
• Before beginning the procedure, the satellite component has to know if traffic channels are
available in the target cell. The information can be supplied either by the terrestrial network
or reported by the terminal via radio link. In the latter case, the busy condition on the RF
cellular link must be communicated by the terrestrial BS. Considering the GSM network
has been in operation. any modification on the existing network increases complexity and
cost, it is more appropriate to obtain this information from the network side instead of from
the l\IT.
3.1.4 Handovers within satellite network
Because of the dynamic feature of satellite constellation, handovers within satellite network
fall into three categories: inter-beam handover, inter-satellite handover and inter-LES
handover.
Inter-beam handover: The inter-beam handover refers to the transfer of a call from one
spotbeam to another. This is shown in Fig. 3-6. The main reason for this handover is the
satellite motion. During this handover, both original link and target link come from the same
satellite, this results in the following features. Firstly, during the handover process, the call
does not change its satellite and LES, thus the two links have the same delay, re-
synchronisation is not required. Secondly, the original and target links follow the same path,
the two links will be highly correlated in terms of their shadowing characteristics. It has been
foreseen that a signal level or signal quality based handover initiation criterion can not work
properly in this case. To initiate a handover, other criterion has to be developed. Finally, the
overlapped area produced by adjacent beams is relatively shorter compared with that of
satellite overlap, thus the handover time (initiation plus execution) should not be too long.
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Inter-satellite handover: The inter-satellite handover refers to the transfer of a call from one
satellite to another. This is shown in Fig. 3-7. Because of the satellite motion, in the original
link, the satellite elevation angle is getting lower. This decreased elevation angle will increase
the propagation path loss and the depth of shadowing, reduce the received power level
(because of the antenna' s pattern). At the same time, in the target link, the increased satellite
elevation angle will increase the power received by the MT. These effects result in the
following features for inter-satellite handover. Firstly, the two links during the handover have
different delay feature. re-synchronisation to the target link is required. Secondly, the two
links come from different satellites and thus they follow different paths. As shadowing from
the two links are not correlated, a handover can be initiated by comparing their signal levels or
signal qualities. Finally, the overlapped area produced by two satellites is generally larger than
the spotbeam overlapped area, this provides the call with longer time to perform the handover.
Inter-LES handover: The inter-LES handover refers to the transfer from one LES to another
during a call. This is shown in Fig. 3-8. Several features exist for the inter-LES handover. The
first one is that the link change involved in the handover is only feeder link, mobile link is
never involved. Thus the handover is transparent to the mobile user. The other one is in order
to avoid too much changes on terrestrial fixed link (both signalling and traffic), after an LES
handover, the call should still go through the original LES. This LES is named as anchor LES
in the handover. This is shown in Fig. 3-8. In this graph, LES-l is the originally used LES,
LES-2 is the target LES. Considering the long distance between LESs, dramatically increased
cost has to be expected for each call which suffers from the inter-LES handover. In the system
design, the inter-LES handover rate should be kept to its minimum level.
The inter-LES handover will be fully controlled by the satellite network, the procedure is
transparent to the MT. For this reason, in the thesis, we only consider the inter-beam and
inter-satellite handover.
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3.2 Handover controlling schemes
In the handover initiation phase, a number of activities are involved. These include radio link
measurement and making handover decision. The radio link measurement can be performed
by either network side, or MT side, or both. But the handover decision has to be made by only
one of them, e.g. , handover deci sion is made by either network or MT. Different solutions to
this problem generate different handover controlling schemes. As shown in Fig. 3-1, several
solutions have been identified to be applicable to handovers in the integrated system (inter-
network handover, inter-satellite and spotbeam handover) according to the way to make radio
link measurement and handover deci sion , namely, Network Controlled Handover (NCHO),
Mobile Controlled Handover (MCHO), Network Assisted Handover (NAHO) and Mobile
Assisted Handover (MAHO) .
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3.2.1 Mobile Controlled Handover (MCHO)
In an MCHO scheme, both radio link measurement and handover decision are made by the
MT. In terms of handover process, the network will be under instruction of a MT. With this
handover controlling scheme, an active MT performs measurement on both current radio link
and surrounding radio link, and handover decision is made based on these measurements.
Advantage: as the handover decision is totally made by the MT, the handover can be initiated
very fast. In addition, a handover decision is made without the assistance from network,
handover related radio link signalling is low during a call. Disadvantage: handover decision is
made purely based on downlink measurement, the handover decision is not always reliable if
the signal quality on uplink and downlink are different. This is the case when signal on the
return link (from MT to network) is seriously interfered. The other disadvantage is the
complexity of MT design. The MCHO scheme is shown in Fig. 3-9.
BSS-1
MSC
BSS-2
M
M MT
~ Measurement point
® Measurement report
o Traffic signal
® Common channel signalling
Fig. 3-9 Mobile controlled handover scheme
Inter-network handover: The MCHO scheme can be appropriate for GSM to satellite
handover direction. But it has been foreseen that this handover scheme results in low
performance. During a call through GSM radio link, information available from GSM
network for handover initiation are signal level, quality and MT-BS distance. From the mobile
side, only signal level and quality are available. Without distance assistance, handover
position will not be very accurate. However, performances of this handover scheme need to be
investigated further. In the satellite to GSM handover direction, a positioning assisted
handover scheme will be proposed in the following chapters. Because of MT' s position has to
be evaluated from the satellite network, the MCHO scheme will not be appropriate to support
this handover. As a result, the MCHO can be one option in the GSM to satellite direction, but
not applicable to satellite to GSM handover direction.
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Inter-satellite / spotbeam handover: The handover scheme proposed within satellite network is
a M'I' positioning assisted handover. MT's position has to be estimated from the satellite
network, For this reason, the MCHO scheme is not suggestted.
The possibility for the MCHO to be applied into various handover types in the integrated
system is shown below.
• GSM to satellite handover: applicable.
• satellite to GSM handover: not applicable.
• inter-satellite handover: not applicable.
• inter-spotbeam handover: not applicable.
3.2.2 Network controlled handover (NeHO)
Different from a MCHO scheme, in the NCHO scheme, a handover decision is made by the
network based on radio link measurement taken from the return link (from a MT to network).
The network will take the overall control and initiate a handover command to the MT. One of
the main advantage of this handover scheme is the reduced radio link signalling load, the other
is the low complexity of MT. Again, one of the disadvantage of this handover scheme is that
the handover decision is not reliable in the condition that radio link characteristics on uplink
and downlink are not correlated.
Inter-network handover: The NCHO scheme is not appropriate for inter-network handover.
To make a proper handover decision, measurement results from both current link and
surrounding links are required for various handover initiation criteria. In a terrestrial mobile
system, surrounding link signal level or link quality measurements can be performed by those
surrounding BSs, results can be passed from these surrounding BSs to the serving BS. This
situation is shown in Fig. 3-10-1, assuming BSS-1 is the handover controlling entity.
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Fig. 3-10 Network controlled handover scheme
Different situation exists for inter-network handover. During a call through terrestrial link,
surrounding link signal level or link quality can be measured by the MT but can not be passed
to network with a NCRO. At the same time, signal level or quality transmitted from the MT
can not be measured by the LES since the satellite network is operating at different frequency
band from the terrestrial one. Without target link measurement result, a handover decision can
not be made. This situation has been shown in Fig. 3-10-2 in which handover from terrestrial
to satellite is taken as example. Similarly, during a call through satellite radio link,
surrounding link signal level and link quality also can not be obtained from the terrestrial
network and therefore information available from satellite network is not enough to make
inter-network handover decision. As a result, the NCRO scheme is not suggested for inter-
network handover.
Inter-satellite handover: The NCRO scheme will be difficult to perform handover between
two different satellites. To make this handover decision, the satellite network has to know the
visibility of the target satellite from the mobile terminal. Without any message received from
the MT. the inter-satellite handover will not be possible. For this reason, the NCRO is not
suggested for inter-satellite handover.
Inter-spotbeam handover: Even though the NCRO is not appropriate to inter-satellite
handover. but it is still a possible scheme for inter-beam handover. Since the two links follow
exactly the same path, then the measurement performed on the current link should also
represent the feature on the target link, unless there is interference on the target frequency.
The possibility for the NCRO to be used in various handover types in the integrated system is
shown below.
• GSM to satellite handover: not applicable.
• satellite to GSM handover: not applicable.
• inter-satellite handover: not applicable.
• inter-spotbeam handover: applicable.
3.2.3 Mobile Assisted Handover (MAHO)
With a MARO scheme, both network and MT make measurements on radio link parameters.
The downlink measurements made by the MT is reported to the network periodically, and
handover decision is made by the network based on both uplink and downlink measurements.
If a significant decrease is detected, the network sends the MT a handover request. This is the
scheme adopted by GSM network. The rate with which the measurements are carried out and
reported is an important parameter that has to be designed properly. If the measurement is too
often, excessive signalling load is generated. Meanwhile, the measurement should be frequent
enough to permit a rapid response when a handover is needed. Therefore, a trade-off is needed
to cope with the high mobility of satellites and with the signalling load. The MARO scheme
has been shown in Fig. 3-11, GSM to satellite handover has been taken as example, assuming
the handover controlling entity is terrestrial BSS.
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Fig. 3-11 Mobile assisted handover scheme
A MARO scheme can make reliable handover decision with moderate MT complexity. The
only disadvantage is that frequent signalling about measurement results is required throughout
a call and the efficiency of traffic resource utilisation will be greatly reduced for handover
reason. This problem is especially critical for a call using satellite radio link since the satellite
radio link has limited traffic resource.
This MARO handover scheme can be applicable to various handovers in the GSM-satellite
integrated system. therefore we have
• GSM to satellite handover: applicable.
• satellite to GSM handover: applicable.
• inter-satellite handover: applicable.
• inter-spotbeam handover: applicable.
3.2.4 Network Assisted Handover (NAHO)
In this case, an active MT will make handover decision with the network assistance. Again,
both MT and network will make radio link measurement, but measurement results are passed
from network to MT. This is shown in Fig. 3-12. Based on these measurements, a reliable
handover decision can be made. Similar to MARO scheme, the NARO can also initiate
reliable handover. In addition, since the decision is made by a mobile, the handover can be
performed faster than a MARO. At the same time, the increased handover reliability is
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achieved at the cost of increased complexity of MT and increased signalling load on the
current radio link.
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Fig. 3-10 NARD inter-network handover
Inter-network handover: The NAHO will not be appropriate for GSM to satellite handover.
For one reason, the GSM network has already adopted the MAHO scheme, measurement
parameters will never be passed from network to mobile. For another, the MT-BS distance
information is not available on the mobile side, a handover initiated by the mobile will not be
accurate enough. In addition, the NAHO is also not appropriate for satellite to GSM handover.
As will be addressed later, the satellite to GSM handover proposed in the thesis is a
positioning assisted handover scheme. To make a proper handover decision, the MT's
position has to be estimated from the satellite network during the call. Based on above
reasons, the NAHO is not suggestted for inter-network handovers.
Inter-satellite / spotbeam handover: Again, the handover scheme proposed for inter-satellite
and spotbeam handovers is a MT positioning assisted handover. The position is estimated
from the satellite network, therefore it is more appropriate to make handover decision from
the network. The NAHO is not suggestted for inter-satellite/spotbeam handover.
The possibility for the NAHO to be used in various handovers in the integrated system is
shown below.
• GSM to satellite handover: not applicable;
• satellite to GSM handover: not applicable;
• inter-satellite handover: not applicable.
• inter-spotbeam handover: not applicable.
Based on above analysis, handover controlling schemes applicable for various handover types
in the integrated system are given in the following table.
Table 3-1 Applicable handover controlling schemes
HO controlling GSM to satellite satellite to GSM inter-satellite inter-spotbeam
scheme HO HO HO HO
MCHO yes - - -
NCHO - - - yes
MAHO yes yes yes yes
NAHO - - - -
3.3 Handover connection establishing schemes
As mentioned before, the main objectives of handover execution are to establish a new
connection with the target BS (LES), and to disconnect the original connection with the
serving BS (LES). For this reason, a pre-defined signalling procedure has to be performed
between a MT and network. In this thesis, the way to perform this signalling exchange is
referred to as handover connection establishing scheme. From Fig. 3-1, two connection
establishing schemes have been identified: backward handover scheme and forward handover
scheme.
3.3.1 Backward handover
In most cases, the signal level follows smooth variation at the cell boundary especially for a
large cell size. Because of this reason, most of the handover procedures are designed such that
the handover messages are transmitted via the current connection. As the signal level remains
constant for some distance around the cell boundary, the probability of a signalling channel
failure as a result of a sudden drop in signal level is small. This approach of handover
signalling exchange via the currently connected link is known as "backward handover".
The main disadvantage of this backward handover scheme is its low reliability. If the signal
level received from the original link is seriously shadowed before a new connection is
available. the call has to be terminated because handover related signalling messages can not
be exchanged through the original link.
3.3.2 Forward handover
A different approach is required if the original signalling channel could fail unexpectedly. An
obvious way is to modify the handover signalling procedure so that the MT can quickly re-
establish a new signalling channel with the target BS (or LES), and handover related
signalling message can be exchanged through this channel. Once the signalling channel is
established between the MT and target BS (LES), authentication process can proceed. Stored
information for the original connection within the MT will then be used to transfer the
connection from the old BS (LES) to the target LES (BS). The traffic channel can be restored
afterwards. Finally. through the fixed network, the new BS (LES) will instruct the previous
LES (BS) to release radio and network resource taken by the previous connection. This
approach of handover is generally known as "forward handover".
The GSM handover has been defined as backward handover. For this reason, backward
handover scheme has to be followed for a handover from satellite to GSM direction, as the
handover signalling will not be accepted by GSM in the forward direction. On the other hand,
in the GSM to satellite direction, both backward and forward handovers can be implemented.
In addition, inter-satellite / spotbeam handovers also accept backward and forward handover
schemes. This is shown in the following table.
Table 3-2 Handover connection establishing schemes applicable in the integrated system
HO connection GSM to satellite satellite to GSM inter-satellite /
establish scheme HO HO spotbeam HO
backward HO yes yes yes
forward HO yes - yes
3.4 Handover connection transference schemes
In the handover execution phase, according to the way that a call is transferred from original
connection to target connection, the handover can be classified into two categories: hard
handover and soft handover. To simplify the discussion, handovers between different satellites
have been taken as reference. The same idea can be also applied into inter-network handover.
3A.l Soft handover
A soft handover (or diversity handover) maintains the current connection through the original
link until the target link is firmly established. It is a "make-before-break" handover. Generally,
a soft handover always associates with the satellite diversity. Thus it is also called diversity
handover. During a diversity handover, the service provided is not affected by the handover,
since there is no interruption and all the handover procedures are carried out while the old
connection is still open. Therefore the handover is seamless and there is no impact on the user.
However. the simultaneous links through different spot-beams or satellites produce an extra
usage of traffic resources.
Diversitv handover can be divided into two categories further: switched diversity and
combined diversity. Each of them has different requirements for the system implementation
complexity.
S... vitched diversity: Considering an one MT - two satellites - one LES configuration. By
switched diversity, we mean that the communication occurs via one satellite or the other but
not by both simultaneously. A switched diversity handover has three stages which have been
shown in Fig. 3-13-1, 3-13-2 and 3-13-4. During its transition stage (Fig. 3-13-2), target link
is prepared (channel allocation, synchronisation, etc.) while the call is still performed through
the original link. At appropriate time, both MT and LES switch to the target link
simultaneously.
Combined diversity: We still consider an one MT - two satellites - one LES configuration.
The combined diversity means that both links (original and target) are used for
communication simultaneously during a handover. The handover experiences three stages,
this has been shown in Fig. 3-13-1, 3-13-3 and 3-13-4. During the transition stage (Fig. 3-13-
3), two simultaneous links are used. For this reason, combining function is required on both
MT andLES.
For a TDMA system, there are a number of practical issues which need to be addressed before
the diversity approach can be considered feasible. These issues include the actual diversity
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alg rithrn. '- nch roni ation with the two satellites, as well as the requirement to be able to
quickly witch between the two satellites at both LES and MT. From [12], the ICO-I0
dixersity scheme ha been fully defined, discussion of this part will not be the major concern
f r thi the i. oreo er, during an inter-network handover, because of the long propagation
delay difference b tween service link and target link, diversity handover is considered to be
difficult to implement. Therefore, diversity handover will not be considered for inter-network
hando er.
3.4.2 Hard handover
To perform a hard handover, the old connection has to be released before the new one IS
e tabli hed. Therefore it i a "break-before-make" handover. In general, the MT logs onto the
be t atellite. and maintains communications with that satellite until a loss of signal is
indicated. At thi point the satellite search and log-on process would start over again. It is
obviou that the handover generally produces a short interruption of serv ice and the handover
ha to be performed in non-seamless mode. The hard handover has two stages. In the fir st
tage. the call i attached to the original link; In the second stage, the call is attached to the
econd link. The two stages are shown in Fig. 3- 13-1 and Fig. 3-13-4. The hard handover
cherne can be applicable for both inter-network handover and inter-satellite handover, but it
re ult in a longer handover break. The handover in GSM network is a hard handover.
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Fig. 3-13 Different types of handover process
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3.~.3 Asynchronous diversity handover
The inter-network handover differs from any satellite network internal handover or terrestrial
network internal handover in such a way that propagation delays on original connection and
target connection exist great difference. In addition, this delay difference is variable for
different MT position with respect to the satellite used in the handover. For this reason, a
handover using link diversity (terrestrial and satellite radio links) has been foreseen to be
difficult.
On the other handover. the inter-network handover is also required as seamless as possible. If
a hard handover scheme is adopted, low handover performances have to be accepted since the
handover produces long break duration for the call in order to establish the target connection.
This is especially true when a MT handovers from terrestrial to satellite link, in this case the
target link propagation delay will be much longer than the original link. It is proposed in this
thesis that handover performances can be improved if an asynchronous diversity handover
scheme can be implemented.
As addressed before, the main idea for diversity handover is to make use of simultaneous links
by voice traffic during the handover stage. For inter-network handover, it is difficult to
synchronise between the two connections since they come from different environment and
there exists large delay difference. One possible solution for inter-network handover is to
establish the target connection while the original one is still in use, at the same time, the two
connections will not be used simultaneously by the voice transmission at any given time, even
though the two links are both available during the handover stage. This handover scheme
requires simultaneous signalling transmission and reception on both links (terrestrial and
satellite radio links) from the MT. The possibility to implement a MT with this functionality is
out of the interest of this thesis.
This inter-network handover scheme is shown in Fig. 3-14. In this graph, handover from
terrestrial to satellite has been taken as reference. In Fig. 3-14, three stages has been
distinguished. In stage-I, a call is in progress via terrestrial radio link. In stage-2, a handover
to satellite has been identified and handover signalling procedures are performed through
satellite radio link and terrestrial fixed link, at the same time, the call is still performed via
terrestrial radio link. In stage-3, a traffic channel has been established on satellite radio link
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and terrestrial fixed link, and the call has been switched to its target satellite link. Working in
this way, the handover break duration can be reduced to the propagation delay difference
between satellite and terrestrial radio link, therefore the handover break has been reduced to
its minimum level. The asynchronies diversity handover scheme is a "make-before-break"
scheme, therefore it differs from hard handover. On the other handover, it also differs from
diversity handover in the following ways. Firstly, the two connections should be synchronised
each other with a diversity handover, so that the two versions of voice packets can be either
combined (combined diversity) or switched (switched diversity). In addition, the same
contents are transmitted through the two connections with a diversity handover scheme. In
asynchronies diversity scheme, one connection (original connection) is used by voice traffic,
the other connection (target connection) is used by signalling. Therefore no synchronisation is
required between the two connections.
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Fig. 3-14 Inter-network handover in the integrated system
3.5 Proposed handover scenarios in the integrated system
In this thesis, it is proposed that accurate handover has to be associated with mobile terminal's
position knowledge. For this reason, a MT positioning (or distance) assisted handover scheme
is proposed. The main idea is to estimate an active MT's position (or distance) from the
currently used network, and initiate a handover based on this position information. During a
call through satellite radio link, MT position should be estimated by the satellite network. The
~H'a~d;;;-;; Tech~iq7i~s';~'d Ne'twork I~t~'g~~i~~ b~twee~
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positioning information will be used to initiate handover in several different directions:
handover from satellite to GSM, to another satellite and to another spotbeam. During a call
through GSM radio link, distance from the MT-BS can be estimated by the GSM network, it
can be used for handover initiation afterwards. Application of the MT's position and distance
is outlined in the following graph.
~ call in progress I
I
using satellite radio link using GSM radio link
MT position estimation MT-BS distance estimatio
measurement of measurement of
other param eters other parameters
HO evaluation H 0 eva luatio n
II T I
toGSMcell to another to another to satellite
satellite spotbeam footprint
Fig. 3-15 MT position and distance application in handovers of the integrated system
Based on above discussions, a handover scenario can be decided by selecting a particular
handover controlling scheme, handover connection establishing scheme and connection
transference scheme. Various combination of these schemes produces a number of handover
scenarios available for handovers in the GSM-satellite integrated system. In the thesis, only
part of these scenarios will be taken into account. The handover scenarios to be discussed in
the following chapters are outlined below.
1. GSM to satellite inter-network handover. Asynchronous diversity. The backward handover
is associated with MAHO scheme, The forward handover is associated with MCHO
scheme.
2. Satellite to GSM inter-network handover. Asynchronous diversity. Backward handover
associated with MAHO scheme. Assisted by mobile terminal's position estimation.
3. Inter-satellite handover. Hard or soft handover; Backward handover associated with either
MAHO scheme. Assisted by mobile terminal's position estimation.
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4. Inter-spotbeam handover. Soft handover; Backward handover associated with either NeRO
scheme. Assisted by mobile terminal's position estimation.
Several issues need to be addressed for the proposed handover scheme. Firstly, in order to
design the detailed handover signalling procedure, system architecture has to be known. This
work will be performed in the next chapter. Secondly, the way to estimate the MT's position
has to be proposed, positioning error has to be small enough to initiate handover in each of the
considered directions. This investigation will be given in chapter 5. Finally, performances of
the proposed handover schemes have to be analysed, results need to be compared with other
handover schemes. This will be done in chapter 6, 7 and 8.
Chapter 4
GSM and Satellite Integration Scenarios
This chapter aims to propose GSM and satellite integration scenario applicable to handovers
between different networks. Handover signalling procedure to be proposed in the following
chapters will be based on the outcome from this chapter. It is identified in this thesis that two
factors are deterministic for the selection of GSM-satellite integration scenario. The first one
is GSM-satellite integration level, the other one is relationship between the two integrated
networks. If the two factors have been selected, system architecture is also determined.
Therefore the task of system architecture optimisation is to choose the optimised GSM-
satellite integration level and optimised network relationship.
It has been organised as follows. Section 1 gives definitions of various GSM and satellite
integration levels, including inter-connection schemes and their main features. Section 2
describes possible relationships between GSM and satellite networks in the integrated system.
From section 1 and 2, a number of GSM-satellite integration scenarios can be obtained from
the combination of various integration levels and network relationships. Among all of these
possible scenarios, system architectures applicable for inter-network handover are identified in
section 3. In this section, by considering the service requirements, system architecture is
designed for each particular service group. Three service groups are defined, in which only
service group 3 includes inter-network handover. Through analysis, two system architectures
are considered to be more appropriate for the service group 3.
4.1 Various integration levels
Integration can be implemented at different levels. As a general rule, more services can be
provided by an integrated system which has a higher integration level. By definition,
integration at a particular level means the integration is implemented by inter-connecting
network entities which belong to that level or above [16][17][20]. Four integration levels have
been identified based on this definition: terminal level integration, PLMN level integration,
~ lSC leve1 integration and BSS level integration [16] [17]. Detailed definition and the main
feature for each level of integration is given below.
To explain various integration schemes, inter-connection between a SAN and a GSM PLMN
has been taken as example.
....1.1 Terminal level integration
Integration at terminal level. network entities in the two integrated network have no direct
signalling connections. This level of integration is obtained by the use of a dual-mode
terminal capable of handling both satellite and GSM calls. The dual-mode terminal will
include the following functionality:
• Functionality to function as a GSM terminal
• Functionality to function as a stand-alone satellite terminal
• Functionality to be able to switch between satellite mode and GSM mode either manually
or automatically
With no integration on network side between satellite and GSM, the satellite and the GSM
network will operate as two independent networks, and there will be no signalling between the
two networks. This lack of inter-connection means that:
• The dual-mode MT must register to both networks and therefore has both a satellite
number and a GSM number
• Billing and accounting will be separate for the two networks
• All calls to a dual-mode MT using the satellite number will be routed via the satellite
network (GMSSC)
• All calls to a dual-mode MT using the GSM number will be routed via the GSM network
(GMSC)
• Location update in the satellite network will be independent of location update in the GSM
network
With a terminal level integration, the MT has the highest complexity. Two types of MT have
been identified in terms of the capability to handle incoming calls:
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Type-I: This is the dual-mode MT which is able to switch between satellite and GSM mode
automatically. It listens to the two network simultaneously so that it is able to react to call
ann uncernent both from satellite network and from GSM network. More complexity is
required for this type of terminal.
Type-Z: Thi is the dual-mode MT which is set to either satellite mode or GSM mode. It
lis tens to one network at any given time. Compared with type-l terminal, this one has lower
cornplexit and co t. One major disadvantage is that unsuccessful call attempt will occur each
time a called dual-mode MT is in the wrong mode compared with the incoming call.
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Fig. 4-1 GSM-satellite integration at terminal level
4.1.2 PLM level integration
At this level of integration, inter-connection between the two networks is implemented by the
C-interface. As will be addressed later, this inter-connection will optimise the signalling
routing during a mobile to mobile inter-network call. In addition, the same gateway can be
shared by both networks.
With a PLMN level integration, the dual-mode user can be registered to either GSM network
or satellite network. If a dual-mode user is registered to satellite network, all calls to the dual-
mode MT is routed via a GMSSC and not via the GMSC. This is because all dual-mode users
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Fig. 4-2 GSM-satellite integration at network level
4.1.3 I C level integration
Signalling link at thi s integration level are D' , E' and G' -interfaces. The D' and G' -interfaces
are u ed to pa roaming related signalling and the E ' -interface is used for inter-network
han dover. In thi s integration level , the satellite network can be looked upon as an extension of
the cellular network which offers services to dual-mode terminal when they are outside
cellular coverage.
Simi lar to PLM level integration , the dual-mode user can be registered to either satellite
network or GSM network. If all dual-mode users have been registered to GSM network, their
ubscriptions are kept in GSM HLR. In this case, the SHLR only keeps data for those satellite
single-mode users. All dual-mode user terminated calls are routed via GSM GMSC since their
number follow the GSM numbering scheme and fixed network recognises these call as GSM
calls . Similarly, if the dual-mode users are regi stered to satellite network, all calls to these user
are routed via GMSSC.
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4.1. B S level integration
Thi the highe t integration level. The A' -interface is implemented between the two
network and it i u ed for both inter-network roaming and inter-network handover. At this
integration level, u er regi stration and routing schemes are similar to that of MSC level
integration.
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Fig. 4-4 GSM-satellite integration at BSS level
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~.1.5 Integration between GSM PLMNs
In G 1 ~ Y tern, inter-connection between PLMNs follows a miscellaneous solution [18].
le el integration is optional. The implementation of this integration level
d pend ' n the functional allocation for each particular GMSC. A GMSC can be either
dedicated to on particular PLMN. or serve for more than one PLMNs. If a GMSC has been
decided to function a a gateway for more than one PLMNs, a C-interface has to be
implemented between the GMSC and the HLR whose PLMN takes that GMSC as one of its
gatewa . The G 1 C \ hich ~ er e for more than one PLMNs is generally located around the
b rder of two PL 1 0 that probabilities of fixed network originated calls being routed by
this G IISC to both PL are high.
In addition. ISC lex el integration between two GSM PLMNs is partly implemented. To
provide roaming function between PLMNs, D-interface and G-interface are provided between
PLivI . In any ca e, the E-interface is not implemented between networks, therefore inter-
PLivI handov er i not supported in GSM system.
Finally, BSS le el integration between GSM PLMNs is never implemented.
A typical inter-connection scheme for two GSM PLMNs is shown in Fig. 4-5.
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Fig. 4-5 Typical inter-connection scheme for GSM PLMNs
54__/~..w/_H/4'_h'__..-_MV__AWM'_h'_JW__..,.....w_~_..:_,::l ~:~I:_/.«~'-:::J:~:ll . :_'l ----"'""""'~-"'"""'""
I r J;;H~'~:~;;hT'-::H~S and Netwo k lnte ration betweep
, , ". d .1BteBlte ~, JDBe GornmUYl 'r;atl':r 1 Systems
4.2 Relationship between networks
In an integrated system, the networks being integrated can have different relationships and
each f them results in a particular inter-connection scheme. Two relationships have been
id ntified: master- la e relation hip and parallel relationship. The parallel relationship means
two networks integrate with each other and the master-slave relationship means the slave
netw rk i an e .rension of the master network. In the GSM-satellite integrated system, with a
parallel relation hip. the GSM n twork is regarded as an extension of the satellite network,
and the atellite netv ork i also an extension of the GSM one. The main feature of this
integrati n i the u er can get services from both networks without considering which one is
that u er' home netv ork. In an integrated system with master-slave relationship, the entities
in one network function as the extension of the other. In this case, both networks can provide
ervi e to a u er regi tered into the master network, but the same rule does not apply to
another u er who i a ubscriber of the slave network. Network architectures of the two
relation hip \ ith various integration levels are shown in Fig. 4-6, 4-7 and 4-8. In these
graph , for the master-slave relationship, GSM network takes the master position.
G;\ISC
( a ) Parallel relationship
GMSSC ( b ) Master-slave relationship
Fig. 4-6 Integration relationship at PLMN level
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Fig. 4-7 Integration relationship at MSC level
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4.3 System architecture driven by service requirement
Optimised sys tem architecture for GSM and satellite integration is introduced in this section.
.--\~ mentioned before, the satellite network has been assumed to have a GSM network
architec ture. Within the satellite network, if the functionality of each satellite network entity is
similar to that of GSM one, GSM interfaces can be reused with necessary modifications to
meet the satellite fea tures . For the same reason , GSM interfaces are used for the inter-
connec tion between GSM and satellite network.
-1.3.1 Service requirement in the integrated system
System architecture for GSM and satellite integration IS defined by the combination of a
particular net work relationship and integration level. Criteria for this selection are
impl ementation cos t, complexity, service requirement and signalling modifications required
on GSM network. Among all of these, the service requirement is the most important one. In
this paper, the services provided by the integrated system are classified into three categories as
shown in Table 4-1 , optimised network architecture is chosen in terms of each particular
serv ice group.
Table 4-1 Service group classification
Categories
Service group 1
Service group 2
Services
1. mobile to mobile inter-network call
2. call forwarding between networks
3. call handling between fixed and mobile network
1. mobile to mobile inter-network call
2. call handling between fixed and mobile network
3. inter-network roaming
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Service group 3 1. mobile to mobile inter-network call
2. call handling between fixed and mobile network
3. inter-network roaming
4. inter-network handover
..l.3.2 Integration with service group 1
Several assumptions are made to support the service group 1. Firstly, a dual-mode terminal is
registered to both networks (GSM and satellite) and its record is kept in both GSM HLR and
SHLR. Secondly. the terminal is set to either satellite or GSM mode and listens to one
network at any given time. Finally, a fixed network originated call to a dual-mode MT is
always routed to GMSSC and the MT is paged through satellite network first. In this thesis, it
is considered that a PLMN network level integration shown in Fig. 4-6 is enough to support
the service group 1. The selection of network relationship needs to be considered further.
For a mobile to mobile inter-network call, routing scheme varies according to different call
directions. Concerning a call originating from the GSM network. In Fig. 4-6-a, to bypass the
public network, the GMSC has to interrogate the SHLR through the C'-interface [19]. As the
average distance from the GMSC to SHLR is very long, signalling link implementation on
this section will increase the cost as well as signalling delay. Therefore a C' -interface between
SHLR and GMSC is not recommended. To establish a GSM originated mobile to mobile call,
the signalling has to be routed through the public network. On the other hand, distance from
GMSSC to HLR is relatively short since the considered PLMN is within the LES coverage.
Implementation of C' -interface on this section is beneficial for a satellite originated and GSM
terminated mobile to mobile call. In this case, location of the GSM terminal can be retrieved
through the C' -interface and physical link can be establish from GMSSC to MSC directly.
Thus the system should have a master-slave relationship and GSM takes the master position.
This is shown in Fig. 4-6-b.
From another point of view, integration with a master-slave relationship also benefits a fixed
network originated call handling. A call forward function is proposed in this paper. With the
proposed call forward function, a MT can be alerted anywhere in the integrated system even
though there is no roaming agreement between the two networks. Based on the proposed
assumptions, if the MT is listening to the satellite channel, the paging has a high probability to
b su e ful at the fir t time. If the MT is listening to the GSM channel , MT location can be
btain d b interrogating GSM HLR through the C ' -interface after several times unsuccessful
pagmg attempt through satellite network.
Finally. Fig. 4-9 give ystern architecture to support service group 1.
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Fig. 4-9 System architecture supporting service group 1
4.3.3 Integration with service group 2
Apart from the mobile to mobile inter-network call , roaming function has to be provided in
the ervice group 2. Again , several assumptions are made to support this service group.
Fir tly, a du al-mode MT is regi stered to only one network (GSM or satellite), thus its record is
kept in ei ther GSM HLR or SHLR. Secondly, the MT is set to either GSM or satellite mode
and it onl y monitors one network at any given time. It is considered that an MSC level
integration shown in Fig. 4-7 is enough to support the service group 2. Like the service group
1, relationship between the two networks also needs to be determined.
E' -interface: Because inter-network handover is forbidden , the E ' -interface is not required.
C' and G' -interface: In any cases, signalling inter-connection of G ' -interface is required
between the SVLR and GSM VLR. Inside the GSM network, the connected VLRs should be
those whose coverage has a common border with the satellite coverage. The way to connect
the D ' -interface is dependant on the network relationships (parallel or master-slave). Suppose
the dual-mode MT is registered to satellite network, the user related information is kept in
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HLR. Each time the MT changes its location area between the two networks, location update
related information needs to be exchanged between the SHLR and VLRs (SVLR or GSM
LR) [1_] and the D' -interface is between these two. Concerning the long distance, this
~ ignalling connection not only increases the implementation cost, but also increases the
signalling delay. Thus inter-connection scheme shown in Fig. 4-7 -a is not recommended. As a
result, we suggest in this paper that the dual-mode user is registered to GSM network and its
record is kept in GSM HLR. Thus the integrated system has a master-slave relationship at
MSC integration level and GSM network takes the master position. The D' -interface is
betx een the SVLR and the GSM HLR. This has been shown in Fig. 4-7 -b.
C'-interface: To optimise the signalling routing during a mobile to mobile inter-network call,
integration at PLMN level is also recommended on top of the MSC level integration. Inter-
connection cherne of the C' -interface is shown in Fig. 4-6-a.
Finally, Fig. 4-10 gives the system architecture to support service group 2.
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Fig. 4-10 System architecture supporting service group 2
4.3.4 Integration with service group 3
Assumptions made to support this service group is the same as that for service group 2. The
. 3 requires the highest integration complexity because of the inter-networkservice group
handover. To support this service group, either MSC level or BSS level integration should be
provided.
For an MSC level integration, required signalling links are D', G' and E' -interfaces. Again,
C' -interface can be provided to optimise signalling routing during a mobile to mobile inter-
network call. Based on the same reason addressed before, a master-slave relationship exists
between the two networks and GSM network takes the master position. At the same time, the
dual-mode MT is required to register to the GSM network.
For a BSS level integration, A' -interface should be provided together with the C' -interface to
optimise signalling routing. Consider a master-slave relationship at BSS integration level, two
options exist: GSM network takes the master position (A' -interface is between MSC and
LES) or satellite network takes the master position (A' -interface is between BSS 1, BSS2,
BSS3 and MSSC). It is obvious to see that the second option will greatly increase the distance
of signalling routing during a call to and from a dual-mode MT when the MT is in GSM mode
(GSM BSS is used). Moreover, this option also has the disadvantage that more signalling
links are required between the two networks (only one link is required for the first option and
three for the second one in Fig. 4-8). Because of the relative long distance from LES to MSC,
the number of required signalling links should be as small as possible. Thus the first option is
a better choice.
To support service group 3, two options exist. The first option is MSC level plus PLMN level
integration, the GSM network takes the master position in a master-slave network
relationship. Considered system architecture is shown in Fig. 4-11. The other option is BSS
level plus PLMN level integration. Again, the GSM network takes the master position in a
master-slave network relationship. Considered system architecture is shown in Fig. 4-12.
These two system architectures will be taken as references throughout the following
discussions. An MSC level integration refers to Fig. 4-11, a BSS level integration refers to
Fig. 4-12.
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Fig. 4-12 System architecture supporting service group 3 (BSS level integration)
As a conclusion , the integration system architecture applicable to inter-network handover
should have a BSS or MSC integration level , with the GSM network taking the master
position . In the following, the design of handover signalling procedure will be based on Fig.
11 and Fig. 12. To select a more appropriate one from these possible two , handover
performances have to be analysed for each particular architecture, this work will be left to
chapter 7.
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Chapter 5
Mobile Terminal Positioning Technique
In this chapter. we present a MT in-call positioning scheme [48] whose result will be applied
to both inter-network handover and inter-satellite/spotbeam handover. Detailed applications of
this positioning knowledge will be addressed in the following chapters. We begin with the
introduction of MT position determination using delay and Doppler shift measurements. Then,
various factors having impact on positioning accuracy will be investigated. After that, based
on stochastic process and filtering theory, a noise filtering scheme is introduced in order to
reduce the positioning error. Finally, simulation results of the proposed technique are
presented based on the ICO-IO satellite constellation and some of its system parameters.
Performance of the proposed positioning algorithm is investigated under various measurement
noise conditions.
The positioning algorithm proposed in this section is based on delay and Doppler shift
produced between a MT and LES through a single satellite. Both of these figures can be
measured from the LES during a call for each active mobile terminal. The combination of
these two parameters can be used to determine the MT's position. If the call is performed
using satellite diversity, it is proved that better performances can be achieved compared with
single satellite case. In the process of calculating a MT's position, some assumptions have to
be made. Firstly, the user's motion has been assumed to be negligible compared with the
satellite motion; Secondly, a satellite moves along its true orbit and no deviation for this orbit
is assumed. Finally, surface of the earth is a perfect sphere and no uneven surface is assumed.
5.1 Positioning scenario
Suppose at the beginning of the calculation, satellite is at position'S' and it is moving in the
direction v. We establish a right-handed rectangular three dimensional co-ordinate system
which centred at the earth centre '0' in the following way: the z-axis passes through the initial
satellite position (t=O), (y,z) plane is the satellite orbit plane and the x-axis completes a right-
handed co-ordinate system. This is shown in Fig. 5-1. Suppose the user terminal is at position
P. then 'e' is the angle between satellite moving direction and line'SP'. The angle between
line 'SO' and z-axis is defined as 'y' which is an available value for the LES at any given
time. Distance 'SO' is a constant value which equals to R+H (R is the radius of the earth, H is
the satellite altitude). By measuring Doppler shift component fdl and delay td from S to P on
LES side, MT's position expressed by (x,y,z) can be calculated in this three dimensional
svstem. The measurement and calculation are conducted by the LES and no signalling
exchange with the active MT is required.
x
Fig. 5-1 Relation between satellite and MT
Doppler shift
According to the moving velocity and direction for each satellite, Doppler shift magnitude
along its moving direction v can be calculated at any given time by the LES, this is identified
by f
d
in Fig. 5-1. During a call, the Doppler shift component along the direction of line 'SP'
can be measured by the LES, which is identified by fdl' Relation between I, and t.. can be
expressed by (5-1).
(5-1)
Delay
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Delay (or distance) from a MT to satellite can be measured all the time during a call. If MT' s
position is (x.y.z), satellite position is (X,I" )1,1" Z.I') which is expressed by (5-2), relation
between tel and MT position can be expressed by (5-3).
x =0s
y" =(R + H) . sin y
.: s =(R + H) . cos Y
(5-2)
and
(5-3)
in which c is the velocity of light.
MT position
In order to calculate a MT's position, some other factors have to be taken into account. The
MT is supposed to be located on a perfect sphere with a radius R, this is expressed by (5-4).
(5-4)
The other factor is the relation between e and position'S', 'P' and 'C' (extended from'S'
along the direction v with length R+H). This can be given by
cos e=cos(SPx) cos(SCx) + cos(Sp'v) cos(SCy) + cos(SPz ) cos(SCz ) (5-5)
In (5-5), cos(SPx) and cosr S'C,) are direction cosine of line 'SP' and 'SC' along the x-axis.
These direction cosine can be expressed by (5-6). For direction cosine along y and Z axis,
similar expressions apply.
(5-6)
x-x",
cos(SPx ) = -J 2 2 2(x - xJ + (y - yJ + (z - zs)
x -xc
Co-ordinate of point C( xc' yc' z.) is given by
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x =0c
Yc =-J2 .(R + H) . siner + 1t )
4
z, =-J2 .(R + H) . cos(y + ~)
4
(5-7)
Finally, MT position (x,y,z) can be obtained by combining (5-1) - (5-7). For a stationary
mobile terminal, its co-ordinate (x,y,z) can be determined by fdl and td . Obviously, the
solution is not unique. To eliminate this ambiguity, the MT's illuminating spotbeam identity
can be used.
5.2 Position error analysis
A large number of factors have been identified having contribution to the error of MT
positioning. For simplicity, only several important ones will be introduced in this part:
measurement noise, relative user location within satellite coverage and satellite selection.
Because of these factors' influence, positioning accuracy at some times is very low, this is the
main reason to introduce the noise filtering technique being addressed in the following
sections.
The MATLAB package has been used to simulate the satellite environment, including satellite
constellation, measurement noise generation, low-pass filter and Kalman filter procedures. To
perform these tasks, in addition to the functions provided by MATLAB, a large number of
sub-functions have been developed.
5.2.1 Measurement noise
During a call, samples (delay and Doppler shift) are taken with time interval "C at
to,tI" . ·tk ... t N-I' t k E [ta' tb]' k =0,1,. ..N - 1. "C is determined by the frame structure of each
particular system. If the active MT is stationary and samples of Doppler shift and delay are
accurate enough, each pair of samples will result in the same MT position according to the
algorithm mentioned before. However, in practice these measurements are generally
contaminated with noise caused by the electronic and mechanical components of the
measurement device. The accuracy of the MT position is greatly influence by measurement
noise so that produced position P, at each sampling time tk (k =0,1; ..N - 1) is variable.
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In the following discussion, we assume the maximum measurement noises for delay and
Doppler shift are +1Ous and +30Hz respectively, and their distribution is uniform, with zero
as its mean.
5.2.2 Relative user location within satellite coverage
With a given MT's relative position (with respect to the sub-satellite point) within a satellite
coverage. the positioning error is generally proportional to the amplitude of the measurement
noise. Meanwhile, with fixed delay and Doppler shift measurement errors, the MT positioning
error is also a function of its true position within the satellite coverage, and relationship
between these two is not simple. It has been foreseen that the highest positioning error takes
place on the satellite track, e.g., a = n / 2 in Fig. 5-1. In addition, the positioning error is also
variable for different directions (x, y, and z in Fig. 5-1). In order to show this variation, the
maximum positioning errors are calculated for a MT in different positions within the satellite
coverage. results are plotted in Fig. 5-2 and Fig. 5-3 against various satellite elevation angle.
Results in x-direction are shown in Fig. 5-2, results in y and z-directions are shown in Fig. 5-
3.
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Fig. 5-2 Positioning error in x-direction Fig. 5-3 Positioning error in y and z-direction
From these two graphs, positioning error in the x-direction is much higher compared with
those in the y and z-directions. In the x-direction, the worst case takes place when a MT on the
satellite track has the lowest elevation angle (10 degree). This is because the inter-section
angle between equal delay line and equal Doppler line in this area is sharp, a small change of
anyone of the two lines results in large uncertainty for the positioning determination. For
+1Ous and +30Hz measurement errors, the positioning error can be as large as 400km.
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On the other hand, the positioning error in the y and z-direction is much smaller. In the worst
case it is still under 15km. This feature is especially useful for inter-satellite/spotbeam
handover initiation, since the satellite only moves along the y-direction, so that an accurate
handover time is purely determined by the y co-ordinate instead of the x co-ordinate.
However, for inter-network handover purpose, positioning accuracy in all directions has to be
taken into account, since the target GSM cell can be in any direction within 360 0 angle. For
this reason, positioning error discussed in this paper is the overall error, instead of the one
generated in each particular direction. The overall positioning error is defined by
(5-8)
in which (x. v, ::) is the MT's true position, (x, y, z) is the estimated position which has been
influenced by measurement noise. Obviously, the overall positioning error is dominated by its
x-direction component.
With this definition, for any given upper bound value of position error e
max
' a satellite
coverage can be always divided into two different parts, one good area in which e < e
max
' one
bad area in which e > emax' This has been shown in Fig. 5-4 under the worst measurement
condition. Assuming the satellite moves in the direction from 270 0 to 0 0 in Fig. 5-4, for a
given value of emax , positioning error is calculated for various locations within the satellite
coverage, a border is generated to separate the good positioning area with the bad one. The
emax in this graph has been selected to be 30, 50, 70, 90, 110, 130 and 150km. From Fig. 5-4,
the bad positioning area is always symmetrically distributed on both sides of the satellite
track. With the decrease of e
max
(higher requirement for positioning), the overall coverage of
good area becomes smaller. Therefore, the objective of our positioning technique is to achieve
satisfactory positioning accuracy for a MT anywhere within satellite coverage.
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Fig. 5-4 Separation of different areas within the same satellite coverage
From this graph, positioning error for given measurement noise condition is dependant on
several factors: distance from user to sateIlite ground track, the angle between sateIlite track
and direction from sub-sateIlite point to the mobile user, sateIlite elevation angle. In fact, a
user closer to the sateIlite ground track has larger positioning estimation error, meanwhile, a
user away from this track has smaIler positioning error. In addition, the positioning error is
also determined by the angle (t: / 2 - a ) shown in Fig. 5-1. A smaIler angle generaIly results
in higher positioning error, a larger angle results in smaIler one. FinaIly, from Fig. 5-2 and
Fig. 5-3, most of the errors are generated in x-direction, instead of y and z-direction. Since the
sateIlite only moves along the y-direction, and since a MT's positioning error is less than
15km in the worst case in this direction, a handover between sateIlites or spotbeams can be
initiated with reasonable accuracy without requiring too much noise filtering effort.
Different situation exists when handing over from satellite to GSM network. During this
handover, the target GSM ceIl can be in any direction within 360 0 angle. From numerical
analysis, a 3km position accuracy in all direction is required. Therefore, for inter-network
handover purpose, positioning accuracy achieved from a single pair of measurement samples
is far from enough, additional work has to be done to reduce this position error.
5.2.3 Impact of satellite selection
Another factor to introduce large position error is the sateIlite selection. Because the MT's
location with respect to sub-satellite point has great impact on the positioning accuracy, then
positioning error is also influenced by the satellite selected by the mobile, since the mobile has
different relative location with respect to each particular satellite in visibility. Fig. 5-5 gives
the probability of multiple satellite visibility with the considered ICO-IO satellite
constellation. it has been simulated under various user location. From Fig. 5-5, multiple
satellite visibility can be available for most of the user position and most of the time during a
day. This implies that positioning accuracy is also variable depending on the satellite selected
by the mobile at the time of call set-up.
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Fig. 5-5 Number of satellite visible vs latitude
The satellite selected by the user at call set-up is dependant on the user's radio environment, it
is also dependant on the criteria used by the user for making satellite selection. In practice,
most of the time the satellite being selected by the mobile during a call is the one with the best
signal level or quality, therefore corresponds to the satellite with the highest or the second
highest elevation angle. However, simulation results show that the satellite selected with this
criterion is not always the optimised satellite in terms of the positioning accuracy. In fact, in
most of the time, the satellite which provides the most accurate position is not the one which
provides the best signal. Because of the wrong satellite selection, additional positioning error
is also introduced.
Several satellite selection schemes will be investigated, positioning accuracy achieved from
the corresponding satellite selection will be compared with each other. The satellite to be
investigated are the highest satellite, the 2nd highest satellite and the satellite with the
optimised spotbeam. We assume that each spotbeam has an identical broadcasting channel
which contains the spotbeam identity. Based on this received beam identity, a MT can make
satellite selection according to each of the above mentioned criterion. In practice, there is
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always an ideal satellite which results in the smallest positioning error for any user location on
the earth at any given time. If the MT can always make its correct selection, the best
positioning performance can be achieved. However, this ideal selection does not happen all
the time. In reality, the MT always selects the satellite with the best signal, instead of the one
with the smallest positioning error, and they are two different satellites most of the time. For
comparison purpose, positioning performance achieved from ideal satellite selection will be
investigated. its result will be compared with those achieved by selecting the wrong satellite.
5.2.3.1 Positioning performance with ideal satellite selection
At any given time t, and any user location represented by (x, y, z ). if the user has n satellites in
visibilitv. then the kth satellite is considered to be the ideal one in terms of positioning
accuracy if
e(k) = min e(j) = min ~(x - X(j))2 + (y - y(j))2 + (z _ Z(j))2
jE[L1J] JE[1,1J] (5-9)
Since the MT does not have any knowledge of e(j), this selection is not possible in reality for
the MT to make selection. However, results obtained from this ideal selection represent the
best performance, it can only be used for comparison purpose. For this reason, performances
from ideal satellite selection are simulated for various user locations, results are given in Fig.
5-6 and Fig. 5-7 in terms of percentage of time to have satisfactory positioning accuracy. In
getting these graphs, positioning error is calculated for various user location on the earth
(latitude and longitude), results are averaged over 12 hours duration. The first graph is
simulated under various values of maximum positioning error e
max
and 10° minimum
satellite elevation angle. The second graph is obtained under various minimum elevation angle
and fixed positioning error e
max
= 50km. Again, the worst case has been used for delay and
Doppler measurement noise.
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Fig. 5-6 Performances with diff. requirement Fig. 5-7 Performance with diff. minimum
satellite elevation angle
These two graphs represent the best performances which can be achieved under the given
measurement noise condition. From these two graphs, with ideal satellite selection, if
requirement of positioning accuracy is not very high, the positioning algorithm can achieve
satisfactory results for most of the earth location. In general, decreased requirement (increased
e
max
) results in higher probability of satisfactory position. This is seen from Fig. 5-6 by
comparing the curve e < 30km with the curve e < 110km. Moreover, the increased minimum
satellite elevation angle results in reduced probability of satisfactory positioning accuracy,
since the MT has less chance to have multiple satellites in visibility.
With 10° minimum satellite elevation angle, positioning accuracy decreases in the area from
30° - 60° latitude. To explain this performance decrease, the lowest elevation angle among
all visible satellites is simulated, the probability for this angle being over a given threshold is
calculated over 12 hour's duration, results are presented in Fig. 5-8. From this graph, around
the concerned area (30° - 60° latitude), the lowest satellite elevation is always higher than
those in the other area. Since the best positioning accuracy is achieved by using lower
elevation (from Fig. 5-2), then the probability to achieve higher performance in this area is
low.
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If the minimum elevation angle becomes 30 0 , from Fig. 5-7, performance also decreases in
the low latitude and high latitude areas. However, this performance degradation comes from
the absence of satellite visibility.
5.2.3.2 Performances with other satellite selection schemes
In this section, performances from a number of satellite selection schemes will be presented.
For comparison purpose, their position errors have been simulated under the same
measurement noise condition (+1Ous delay error, +30Hz Doppler error), the same minimum
satellite elevation angle (10 0 ) and the same position error requirement (50km). Simulation
results obtained from various satellite selection schemes have been shown in Fig. 5-9. In
addition, performance with ideal satellite selection is also included in the same graph for
companson.
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Fig. 5-9 Positioning performances with various satellite selection schemes
The highest satellite
This is the most frequently used satellite. To choose the highest satellite, a MT can either
select the one with the best signal or select the one whose illuminating spotbeam is closer to
sub-satellite point. However, from previous analysis, the highest satellite usually results in
higher position estimation error. This is also proved from Fig. 5-9. From this graph,
performance from this selection is far away from ideal selection in the range from 10 to 55
degree latitude.
The 2nd highest satellite
This is also a frequently used satellite. If the highest satellite is not available at the beginning
of the call, the second highest satellite can be selected. Simulation result presented in Fig. 5-9
shows that this is the worst satellite selection scheme from positioning point of view. In the
area from 30° to 60° latitude, the chance of getting good position accuracy is especially low.
The reason for this reduced performance can be explained by Fig. 5-10.
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Fig. 5-10 Relationship between the two highest satellites in visibility
The first graph in Fig. 5-10 shows the overlapping between different satellites, together with
the separation between good positioning area and bad area for each satellite coverage. Satellite
No.1 and No.2 come from the same orbit plane, No.3 comes from a different plane. The
second graph in Fig. 5-10 gives the probabilities of the two highest satellites coming from the
same orbit plane or coming from the two different planes. It is simulated over 12 hours
duration with 10° minimum satellite elevation angle. Assuming No.1 is the highest satellite,
if No.2 is the 2nd satellite, then most probably position error is high if the 2nd satellite is
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used for positioning, since most of the overlapped area between No. 1 and No.2 belong to bad
positioning area. On the other hand, if No.3 is the 2nd satellite, positioning error can be small
if No.3 is used for positioning, since the overlapped area for No.3 is always good positioning
area. From the second graph, in the area with latitude from 25° to 60°, the probability for the
two highest satellites coming from the same plane is getting higher, then No.2 is used instead
of No.3, it is thought this is the main reason for performance degradation of using the 2nd
highest satellite.
Diversity satellites
Another situation in the satellite selection is during a call using satellite diversity. From Fig.
7-1. dual satellite diversity can be provided with lCO-tO constellation in most of the earth
location over 80 percent of time. Since the LES has a better knowledge of positioning error
distribution within any satellite coverage, and since the LES knows the MT's relative location
(with reasonable confidence) within each satellite being used in the call, then the best satellite
can be selected by the LES between the possible two in terms of smallest positioning error.
From simulation result shown in Fig. 5-9 (only the highest and 2nd highest satellites are
considered in the simulation to be diversity satellites), this satellite selection scheme achieves
better performance compared with the other two schemes in the low latitude region, but
similar to that achieved by the highest satellite selection in the region from 40 to 60 degree
latitude. The reason for this is obvious to see, since in the second region the 2nd satellite can
hardly provide any help at all due to its extremely low performance.
Satellite with the best spotbeam
This satellite selection scheme is not appropriate for call set-up, but it is considered to be an
appropriate one for location update procedure. For comparison purpose, its performance is
also included in the same graph shown in Fig. 5-9. As was introduced before, positioning
accuracy is dependant on the MT's relative position within the satellite coverage. For any
given MT position, the position error can be pre-estimated. If the MT has been equip with this
knowledge, it can make the optimised satellite selection among a number of visible satellites
in terms of the smallest position error, provided the MT knows its relative position within
each satellite coverage. We assume the MT knows the spotbeam identity received from each
satellite, we also assume the MT has the knowledge of positioning error at the location of each
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spotbeam centre within the satellite coverage, based on these knowledge, the MT should be
able to compare the positioning error to be generated by each visible satellite, optimised
satellite selection can be made possible. In this process, the MT has to use the beam centre as
an approximation of its own location.
Assuming the satellite spotbeams have been placed according to hexagonal layout,
relationship between the number of rings N,. and the total number of beams within the
satellite coverage N; is given by
N,
n; =1+6L(k-l)
k=!
(5-10)
We also assume each beam has the same angle seen from the satellite. With 10° minimum
elevation angle, co-ordinate for each spotbeam centre can be calculated for each given value
of N r • With the co-ordinate available, position error corresponding to each spotbeam centre
can be available based on mechanism introduced before. In the analysis, N, is selected to be
8. so that the total number of beams N b = 169. However, only 163 beams are selected out of
169 in order to get a circular satellite coverage. Position errors for all these 163 beams are
shown in Fig. 5-11 against their sequence number. In Fig. 5-11, the spotbeam sequence
number K; (k
r
, kb ) is defined according to (5-11), assuming the first beam within each ring is
the one on or closest to the satellite track, k, and kb are the spotbeam's ring number and
sequence number within this ring.
k =1r
k >2r -
(5-11)
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Fig. 5-11 Positioning error against spotbeam identity
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In order for the MT to make optimised satellite selection, procedures introduced below have
to be followed:
1. A table containing all 163 values of positioning error shown in Fig. 11 is established within
the MT. This can be either downloaded from the network at the initial registration or
written to the MT at the time of manufacture.
I Prior to each location update procedure, the MT should decode all broadcasting channels
received from all visible satellites. Assuming the MT has k, satellite in visibility, then k,
spotbeam identities are obtained from this procedure.
3. Each beam identity is used as index to look up the above mention table, so that k.\. position
errors are generated. The optimised satellite to be selected is the one which has the
minimum position error.
Based on this procedure, a simulation is perform and result has been shown in Fig. 5-9 under
the condition that maximum position error is 50km. From Fig. 5-9, this satellite selection
scheme achieves much better performance compared with any other one investigated before.
5.2.3.3 Positioning accuracy achieved in the real system
In the ICO-I0 satellite system, two situations of satellite selection happens much more often
than any others: highest satellite selection and diversity satellite selection (using the highest
and 2nd highest satellite). For this reason, positioning accuracy of these two situations are
simulated with e
max
as variable, results are presented in Fig. 5-12. In Fig. 5-12, the first graph
is simulated with the highest satellite selection, and the second one is simulated with diversity
satellite selection.
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Fig. 5-12 Positioning performance achieved in the real system
From Fig. 5-12. in general, positioning uncertainty achieved within the system is very large
for each of the considered case. Compared with the accuracy required by both inter-network
handover and inter-satellite/beam handover, it is far from satisfactory. For this reason, a noise
filtering algorithm has to be introduced to reduce the positioning uncertainty.
5.3 MTpositioning with low-pass filter
Since a large number of samples can be obtained during a call, and since the active MT is
supposed to be stationary, one reasonable solution is to decrease the uncertainty by processing
the measurement samples through a low-pass filter, e.g., making average to the measured
samples. If the measurement noise for delay and Doppler shift has a zero mean, finally
obtained position should tend to its true value if the number of averaged samples is large
enough.
Fig. 5-13 and Fig. 5-14 show some results obtained through the low-pass filter. In getting
these graphs, positioning evaluation has been performed under the worst case: the MT is
currently using the highest satellite, initially it is located under the sub-satellite point, and no
satellite diversity is used during the call. The MT position components on x, y and z axis have
been calculated separately for each pair of samples. Mean value P(x, y, z) is produced for
each component by averaging all the results (e.g., x o'" X n-i» Yo'" Yn-t» zo'" ZN-l ).
Positioning uncertainty is obtained by calculating the distance between the true position
P(x,y,z) and averaged position P(x, y, z) in each dimension. Part of the results are given in
Fig. 5-13 and Fig. 5-14.
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Fig. 5-13 Positioning results: x-dimension Fig. 5-14 Positioning results: y-dimension
These two graphs show the MT instantaneous positioning uncertainty against the sequence
number of measurement samples. Each of them has been simulated by considering the worst
case: the MT is placed on the satellite track and initial elevation angle to a rising satellite is 10
degree. Measurement samples are collected once every 40ms which is the frame duration in
the ICO-10 satellite system. The average window of the low-pass filter has been selected to be
30 samples, corresponding to 1.2s average duration. The first graph shows the positioning
results in x-dimension, the second one shows the positioning results in y-dimension. From
these graphs, with 10us (delay) and 30Hz (Doppler shift) measurement noise standard
deviation, positioning uncertainty in x-dimension is within +80 km, in y-dimension is within
+8krn, If the measurement noises are increased up to 20us and 50Hz, positioning
uncertainties for x and y dimension can be as high as +150 km and +15km respectively. It is
considered that this positioning uncertainty is too high for an accurate handover initiation,
since the centre beam in the considered system is only several hundred kilometres in radius.
For this reason, in the next part, a Kalman filtering algorithm is proposed for MT positioning
determination.
5.4 MT positioning with Kalman filter
It has been foreseen that a Kalman filter is helpful in getting accurate MT position with
reasonable number of samples. This technique will be detailed in this section.
5.4.1 Kalman filtering theory
The problem of determining the state of a system from noisy measurements is called noise
filtering, and is the major task of Kalman filtering theory [49][50][51]. First of all, we define
the filtering problem and Kalman filtering procedure in the context of the mathematical model
used in this section. This has been shown in Appendix-I.
For a dynamic satellite system, the target is to calculate accurate MT position by using the
Kalman filter with reasonable number of samples (delay and Doppler shift) as input. In order
to achieve this. several steps have to be followed: selecting parameters to represent system
state: establishing system model; establishing filtering scheme.
5.4.2 Filtering scheme for leO-tO system
According to (A-I-3). a linear mathematical expression is required in order to make use of
Kalman filter. This means the relationship between system states at different sampling time
should be linear. For a dynamic system like the ICO-IO satellite constellation, a large number
of parameters can be chosen to represent the system state, but only part of them result in linear
expression. In this section, we have chosen the relative position and relative velocity between
satellite and MT as system states. This results in a linear expression and hence the calculation
can be greatly simplified.
Each system state has three components (x,y,z) in a three dimensional co-ordinate system.
These three components can be produced separately by using three filters with each of them
working along one direction (x, y and z axis). This means each time after obtaining samples of
delay and Doppler shift, the samples are input into these three filters and system states in each
dimension (relative position and velocity) are produced from the output of each filter. Finally,
MT position can be obtained from this relative position (since satellite position is an available
knowledge all the time). In most cases, after each step of iteration, the new position gets more
accurate compared with the original one. Following is the detailed introduction about system
modelling and filtering results.
5.4.2.1 System modelling
Assuming we have a disturbance-free satellite orbit. Then satellite position ~., velocity V.I' and
acceleration a can be expressed by
of
r=.r ·i+v 'J'+-' -k
.\ s - s ...... s
_ dr" . ,
1'. =-' =1', '1+1' 'J+V ·k
.1 dt .\ Y Z
d~a. =__.1 =a -i-r a ,/'+a -k
.1 dt .I Y' z
(5-12)
If the three dimensional co-ordinate system IS established according to Fig, 5-1, each
component in r\ can be expressed by (5-13) with angular velocity OJ and initial angle ()0 '
\. =0
- ,I'
Y,I = (R + H) -sinu» . t + () 0)
::',1' =(R+H),cos(OJ't+()o)
(5-13)
For a MT at position rex, v, z.), the system model can be established as follow,
Defining a 2 x 1 vector e , its two components are relative position and relative velocity
between satellite and stationary MT,
-T [- - - ]e = rs - r, v.\' (5-14)
Then, we have
~ = [0 1] ,e+ [~ ]
1 1 a."
(5-15)
It is easy to verify that the state transition matrix of this system is
[
1 t -1 r]
cp(t, r) = °
so that
t [1
e(t) =cp(t, '1") . e('r) +! 0 t - s]. [~]dS1 a.,. (5-16)
Finally, we have
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_. [1 1] t+l[1 t +1- S] [0]
£'(t+1)= 0 1 o;;(t)+ ! 0 1 0 z, ds (5-17)
For each dimension (x.y.z), we have a similar expression as (5-17). Taking x-dimension as
example, we have
(5-18)
Comparing (5-18) with (A-1-3), we find a linear dynamic system model has been established.
Because we are considering a disturbance-free satellite orbit, r(k) becomes zero.
Now we have obtained the relative position (~. - r ) and relative velocity V.I' between MT and
satellite in each dimension, they are calculated from delay and Doppler shift measurements
which are contaminated with noise.
If we take scalar measurement (relative position only), in x-dimension we have
(5-19)
This is our system measurement expression with M{t) = [1 0] in (A-I-3). Because the
original measurement is not relative position, a translation from delay and Doppler shift to
relative position is required.
Finally, we obtain a dynamic system model in x-dimension expressed by (5-18) and (5-19).
For y and z-dimensions, similar expressions exist. A Kalman filter can be directly used into
these three system models.
5.4.2.2 Positioning results
Some positioning results will be given in this part. We define the positioning uncertainty in
each dimension as the distance between the simulated position (based on output of each
Kalman filter in each dimension) and the true position along its corresponding axis. During
these simulations, the filtering results are compared with Fig. 5-13. Relation between
positioning uncertainty and measurement noise standard deviation for delay and Doppler shift
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is established. In addition, relation between positioning uncertainty and the filter's iteration
number is also established.
Filtering results of x and y-dimension are shown in Fig. 5-15 and Fig. 5-16. In these graphs,
positioning uncertainty is calculated along with the increase of iteration number. Standard
deviations of delay and Doppler shift measurement have been selected to be 20us and 50Hz
respectively. In addition, the filtering results from the Kalman filter have been compared with
those from the low-pass filter. Again, positioning evaluation has been performed for the worst
case: the MT is using the highest satellite in its visibility, its location is on the sub-satellite
point and no satellite diversity is used during the call.
From these graphs. we have:
1. After a certain number of iteration, a Kalman filter achieves much better positioning
accuracy compared with a low-pass filter. This is seen from both of the two graphs. Under
the considered measurement condition (20us for delay measurement noise, 50Hz for
Doppler measurement noise), after 200 iterations (with 200 pairs of samples), a Kalman
filter achieves +5 km positioning uncertainty (against +80 with low-pass filter) m x-
dimension, +2 Ian positioning uncertainty (against +8 km with low-pass filter) m y-
dimension. This accuracy will be enough for handover initiation purpose.
I The achieved positioning accuracy is dependant on the available number of measurement
samples, equivalently, the call duration. At the beginning of a call (the first 8 seconds, or
the first 200 samples), because of the high fluctuation, a low-pass filter has a better
performance. After this, the advantage of the Kalman filter is obvious. This is seen from
both of the graphs. For this reason, it is suggested that the low-pass filter will be running in
parallel with the Kalman filter at the beginning of a call, and the MT position is estimated
from the low-pass filter at the initial stage. After a certain duration (5-10 seconds), this
low-pass filter is replaced by the Kalman filter. In this way, the positioning accuracy can be
optimised throughout the call.
3. A further extension from above conclusion is that the required filtering time is dependant
on the application of MT's position information. For inter-satellite/spotbeam handover,
accurate position is required only in the y-direction. Since there is less position error in this
direction with single measurement sample, to achieve 5km accuracy, required number of
GSM and S~temte MobH~CommunIcaUon Syst~ms
samples is only around 100 which corresponds to 4 seconds. On the other hand, for
handover between different networks, a 3km position accuracy is required in all directions.
From Fig. 5-15, a Kalman filter needs 8-10 seconds to achieve this performance.
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Fig. 5-15 Positioning results: x-dimension Fig. 5-16 Positioning results: y-dimension
As a conclusion, the proposed MT in-call positioning algorithm can achieve satisfactory
accuracy. In the case of ICO-l 0 satellite system, +2 km positioning accuracy can be achieved
radically and +3 km can be achieved axially within reasonable time. It is considered that MT
positioning knowledge can bring a great reduction for handover failure rate and signalling
load during a handover stage. Thus the positioning algorithm is of great importance for a
dynamic satellite system which has large number of handovers. In addition, the same
positioning algorithm can be also applied to other dynamic satellite constellations like LEO.
In this case, positioning uncertainty can be even smaller. This is because in a LEO system,
absolute value of Doppler shift is larger, with the same magnitude of measurement error,
relative value of measurement error can be smaller. Finally, the MT in-call position
knowledge can be used for satellite to GSM inter-network handover initiation, this will be
introduced further in chapter 6 and 7.
In addition, conditions applied to the simulation are over pessimistic, since only the worst
case has been taken into account, e.g., the MT is initially under sub-satellite point. In practice,
the worst case does not happen very often, therefore with the proposed positioning technique
and filtering scheme, higher positioning accuracy can be achieved most of the time. In
addition, performance can be improved further if satellite diversity has been used during the
call.
Chapter 6
Inter-Network Handover Initiation
From the previous discussion, a handover has two stages: handover initiation and handover
execution. The major task of inter-network handover analysis is to investigate the handover
performances in both of these stages based on the system architectures proposed from the
previous chapters. This chapter will focus on the performance evaluation in the handover
initiation process.
Handover initiation algorithms aimed at obtaining an accurate handover position and stable
handover have been widely discussed. Most of the algorithms are designed for handovers
whose service and target links come from the same environment [23][24][25]. Typical
examples are inter-cell handover, inter-satellite handover or inter-spotbeam handover. This
chapter only investigates the inter-network handover performances in a GSM-satellite
integrated system.
The handover initiation scheme proposed in the thesis is a MT position or distance assisted
handover. In GSM to satellite handover direction, the handover decision is based on signal
level and MT-BS distance measurement. In satellite to GSM handover direction, the handover
decision is based on signal level and MT's position estimation. To validate the proposed
handover initiation scheme, performances are analysed based on analytical model, results are
compared with those of GSM handover.
6.1 Handover performance general description
Handover performances concerned in the following sections are handover position, probability
of unnecessary handover and call dropping probability.
Handover position: In terrestrial cellular or mobile satellite network, neighbouring cells or
spotbeams are generally overlapped each other so that there is an area in which a MT can
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recei ve similar signal quality or signal level from both current link and target link. This area is
defined as handover area. If a handover takes place within this area, the mobile user can
hardly detect any difference before and after the handover. Otherwise, a quality degradation
has to be expected. Therefore one major objective of the handover design is to have the
handover position under control. However, the received signal level generally does not follow
smooth variation because of the shadowing effect. This results in either pre-mature handover
or delayed handover [26][27]. Frequent pre-mature handover results in higher probability of
unnecessary handover and delayed handover results in higher probability of call dropping.
Thus an ideal handover position is crucial to obtain good handover performances. In this
chapter. it is proposed that the introduction of MT-BS distance or MT's position during a
handover initiation will greatly improve the handover position, therefore improve the overall
performances.
Probability of call dropping: In GSM network, if the current link has been detected to be too
weak to maintain a call for a given period of duration, at the same time condition to handover
to another cell is not satisfied, the call is dropped. A dropped call generally happens around a
cell border where the signal received from both BSs are weak. This problem also exists during
a handover between different networks. Assuming a MT leaves the GSM coverage but still
under the satellite coverage, a handover should be initiated in the direction from a GSM cell to
a satellite spotbeam. In this case, if the target satellite link is temporarily blocked, the
handover can not be successfully performed and therefore the call has to be terminated.
Probability of unnecessary handover: The probability of unnecessary handover is defined to
be the probability that a MT handover from BSS 1 to BSS2 and then initiates a handover back
from BSS2 to BSS 1 within a pre-defined duration. The main reason of the unnecessary
handover is the unevenness of the signal level profile because of various local environment.
For GSM and inter-network handover, a trade-off always exists between the unnecessary
handover rate and call dropping probability.
Relationship between handover performances: To analyse GSM-satellite inter-network
handover, handover in both directions should be taken into account. Handover initiation can
be based on various parameters like signal level, bit error rate (BER) and MT-BS distance.
The main objective of BER measurement is to overcome the co-channel interference. In the
presence of this interference, the measured signal level is still high, but the quality is very low.
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In this case, the signal level measurement can not represent the radio channel's real condition.
However, the BER measurement is considered to be not a key factor during the inter-network
handover initiation. This handover generally happens in sub-urban or rural area, in which the
co-channe I interference is very low. As a result, the BER measurement will not be taken into
account in the inter-network handover initiation process.
In general. the inter-network handover initiation procedure considered in this chapter is
similar to a GSM one. As specified in [26][27], in a terrestrial inter-cell handover, the signal
level received by a MT along its path does not follow smooth variations due to shadowing and
multipath fading. One of the consequence of this signal level fluctuation is to trigger
unnecessary handover. To decrease the received signal level variance, reduce unnecessary
handover rate and initiate more accurate handover, averaging of signal level measurement
samples can be useful [28][29]. From [27], performances can be improved further if a
handover hysteresis is introduced. However, both handover hysteresis margin and averaging
window can cause significant delay before a handover is initiated. If this delay is too long, the
call can be forced to be terminated since the communication link gets worse and the signal
level falls below the minimum value required for satisfactory call quality. Thus, a decreased
unnecessary handover rate has to be achieved at the cost of increased call dropping
probability. From [27], solution to these problems is found in GSM network by taking MT-BS
distance measurement into account. As can be seen from the following performance analysis,
by introducing this distance into handover initiation procedure, handover position can be
totally under control, therefore other performances can be also improved.
The same trade-off also exists in the GSM-satellite integrated system. In such a system,
generally distance from a GSM network entity to a satellite ground station is long, thus
signalling cost produced by each inter-network handover is high [30]. Compared with GSM
one, the inter-network unnecessary handover is less acceptable. Therefore, one major task in
the system design is to decrease unnecessary handover rate by controlling handover position
properly. This is also one of the main topic of this chapter. But compared with GSM network,
it is not so easy to have inter-network handover position under control. During a satellite to
GSM handover, MT-BS distance information is not available. The handover has to be
initiated purely based on signal level measurement, therefore its handover position is
distributed in a much wider range compared with the handover in the other direction. This
widely distributed handover position not only increases unnecessary handover rate, but also
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increases the probability of call dropping. In this chapter, it is proposed that this performance
degradation can be improved by introducing a MT in-call positioning technique during a call
using satellite radio link.
Throughout the performance analysis, GSM handover initiation procedure and its
performances have been taken as references. For this reason, analytical model of GSM
handover initiation is also included in the discussion. In the analysis, it has been assumed that
target connection can be established instantaneously. This assumption is based on the fact that
the handover execution time is much shorter compared with the handover initiation time, this
will be introduced in the next chapter.
The remaining part of this chapter is organised as follows. In section 2, handover initiation
analytical model for both GSM and inter-network handovers are proposed. Based on this
model. numerical evaluation of handover position, unnecessary handover probability and call
dropping probability are given in section 3, 4 and 5 together with the analysis.
6.2 Handover initiation analytical model
The handover initiation analytical model introduced below is used in this thesis for handover
performance evaluation. To compare inter-network handover performances with the GSM
ones, two situations are considered in the performance analysis: handover between GSM cells
and handover between different networks.
6.2.1 Handover between GSM cells
Two stages are included during a handover initiation process. They are handover detection
stage and handover decision stage. In the handover detection stage, various parameters are
continuously monitored by both network and MT so that a handover request is made
whenever a handover is required for a particular active MT. In the handover decision stage,
the handover direction is chosen so that optimised target link is selected based on pre-defined
criterion.
6.2.1.1 Handover detection
In GSM network, both signal level measurement, quality of the received signal and MT to BS
distance are used to detect a handover request. During a call, the MT continuously measures
the DownLink (dl) received level (rxlev), downlink received quality (rxqual) from the serving
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BS and the downlink received levels from the nth surrounding cell (rxlev_ncell(n)) , and
reports the measured values back to the BS via the SACCH. The new measurement samples
are generated for every new SACCH multiframe of 480 ms duration. Furthermore, the MT-BS
distance is calculated from the timing advance (TA). To have sufficient confidence in the
estimates derived from finite-sized measurement sample sets, averaging is carried out for at
least 32 samples, measured over 32· OA8s . ISs duration. Procedures for GSM handover
detection is shown in Fig. 6-1.
6.2.1.2 Handover decision
When a handover is initiated due to any of the causes described in Fig. 6-1, the serving BS
sends a message with the 'candidate target cell list' to the MSC. This list is compiled using
the average received signal levels RXLEV_DL, RXLEV_NCELL(n) and a parameter called
power budget (PBGT(n)) which is evaluated base on those signal level measurements. The
PBGT(n) evaluates the power budget for each adjacent cell in contrast to the present serving
cell. It is calculated by
PBGT(n) =[pass loss of serving cell] - [pass loss of surrounding cell(n)]
However, the PBGT(n) is evaluated only for those candidate target cells from which the
received power exceeds the corresponding minimum value by a certain margin [31]. The
candidate cells are put in the 'candidate target cell list' in descending order in terms of the
value of their rxlev_ncell(n). In addition, a handover margin H is introduced to facilitate a
hysteresis in the handover process by requiring the pathloss of the adjacent cell(n) to be more
favourable than that of the present serving cell before a handover is initiated to it. If a
handover decision has been made based on criteria introduced in Fig. 6-1, the handover is
carried out to the cell at the top of the candidate cell list.
Based on above description, procedures for GSM handover decision are shown in Fig. 6-2.
handover detection
cell(n) signal strength measurement
handover measurement
handover decision
power
control
no
include cell(n) into the list
Fig. 6-1 GSM handover detection procedure Fig. 6-2 GSM handover decision procedure
6.2.1.3 Analytical model
Fig. 6-3 shows a typical situation in the GSM network. In Fig. 6-3, BS1 is the MT's serving
BS and its coverage (cell-I) is surrounded by six other cells (covered by BS2 - BS7 ) . The cells
are disposed according to a hexagonal layout so that distance between any two neighbouring
BSs is LB = J3R, R is the radius of each GSM cell, dmax is the maximum distance between
an active MT and its serving BS before a handover is initiated. The active MT in location
p(x,y) moves from cell-1 to cell-2 with velocity v. For simplicity, we assume y = 0 so that
the MT's position can be purely specified by x. Under the influence of free-space loss and
shadowing effects, signal level received from each BS is denoted by rk(x) , while Rk(x)
represents the received signal level without shadowing effects, k =1,. . ·7.
)'
IIS5
IIS6
(.r" 1', ) 0
liS'!,
(r"r, )
IIS7
o (x,.I',)
Fig. 6-3 An area covered by GSM cells
Since the received signal will be processed through a low-pass filter in which the
measurement samples are averaged, effects of Rayleigh and Rice fading are neglected. From
[31], the signal levels R, (x) can be expressed by
R, (x) =EIRP - Amu (I, d, (x)) (6-1)
in which Am ll (I, d) is the free space path-loss defined by Okumura model [31]. f is transmission
frequency and d k (x) is propagation distance. dk (x) is calculated by
(6-2)
One simplification is made in the analysis. In the analytical model, for each particular
surrounding cell-k, its PBGT(k) is replaced by another parameter, ~rk (x) , the average signal
level difference between serving cell and surrounding cell-k. Obviously, the ~rk (x) is
dependant on the MT's position. It can be proved that if the cells have the same size, then
PBGT(k) has the same value as ~rk (x}. Thus in the following discussion, ~rk (x) is used
instead of PBGT(k).
Another simplification IS BER measurement is not included in the handover initiation
analytical model. As mentioned before, the main objective to analyse GSM handover
performance is to compare its results with that of inter-network handover. For this reason,
handover initiation criteria for the two considered handover procedures should be as similar as
possible. It should be mentioned that numerical analysis for GSM handover is valid only if the
co-channel interference does not exist in the communication environment. Otherwise,
performances in practice will be much worse compared with the analytical one.
As a result. the procedure of GSM handover initiation is simplified into Fig. 6-4, performance
discussion for GSM handover will be based on this graph. From Fig. 6-4, the GSM handover
procedure has been simplified to be a signal level and distance based handover in which both
signal level and MT-BS distance are involved for the handover initiation. In these two stages
of the handover initiation process, the handover detection is based on signal level and distance
measurement, but the handover decision is purely based on signal levels measured from the
MT.
T
handover
detection
0
handover
decision
1 no
Fig. 6-4 GSM handover initiation procedure
Signal level consideration
Assume rk(x) is the averaged signal level received from BSk' ~rkl (x) is the average signal
level difference between surrounding cell k and serving cell, x is the MT's position. Then
(6-4)
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As the averaged signal 'k (x) is generally described to have a log-normal distribution [33][34],
distribution of Llrkl Cr) should be normal if it is expressed in decibel. We have:
~'kl (x) - N[p ~r (x), O"~r]' P~r (x) and O"~r are calculated from
.2 _, .2
0" ~r - -0" (6-5)
where 0" is the standard deviation for rk (x). From Appendix-2, if the initial standard
deviation on each link is 0"0' after an average over N samples, relation between 0" and 0"0 is
shown below:
(6-6)
r is correlation coefficient which determines the decaying rate of the correlation, typical
value of r can be found in [35]. d is the sampling distance. If the mobile has 30km/hr
velocity and the sampling interval is OA8s, we have d=4m.
Distance consideration
In normal operation, the serving BS continuously monitors the signal delay td and any delay
change between the MT and the BS, instructs the MT to update its timing advance parameter
TA [36]. Based on this measurement, distance from the MT to the BS should be available
from the BS, d = c . t a> C is the velocity of light. The delay measurement td is generally
composed of two components. The first component is the real delay t a-> the second one is
measurement noise t dn : We assume that t dn is a stationary zero mean random process which
confirms to normal distribution: t d - N[O, O"~ ], 0" t is standard deviation of measurementn M M
"-
noise. Thus if a MT has a distance d from the BS, the measured distance d is also a stationary
random process with mean d, variance (cO" ttln r, distribution is also normal, e.g.,
~AW~~~~M@"AV~~M'AWAVAVA¥~.MVM'~:ill ~MtI.~~~ ;,,:;>.=:; :K;;. }; _. ~M.:O:};}~ M ;~ M_~/.';,'.Y,;':':-:"~~~~~~'*'~:-''''':-«~·;':':-l:.'~·:·:-:-~~;':-:{·~:-:·:':-';-:-:·:·~':-:';·":'';-;N:·''-·-''':'··'· .. ,..,,".":.,-:.:,.,\.':.:.:,':.:.:.:.:-:.:.:-:.:.:;;.:-- ..•W/M'/~~;;i;;;;~w/Techniques and Network integration between 92
GSM and SateWte MobHe Communlcatlon Systems
"andover initiation analytical model
Assuming the handover hysteresis margin IS H. For a MT to handover from cell-l to
surrounding cell-k, its ~rkl (x) must be greater than H. With the averaged signal level rk(x)
on each link and distance from the MT to the serving BS are both available, in position x,
conditions for a signal level and MT-BS distance based handover happening between BS
1
and
BSk can be given by
{[rJ\) < Ph,,] or [til 2 dma, ]} and {8r, (x) > +H}
and {rk(x) =max[r2(x),.· .,r7(x)]}
([r. (x) < ~1O] or [dk > d max]} and {~rk (x) < - H }
and {rl(x) =max[rl(x ),. ..,r7(x)])
HO from BS1 to BSk
HO from BSk to BS1
(6-7)
"in which Pho is the handover signal level threshold, d, is the distance from the MT to the
BSk and d max is a pre-based handover distance threshold.
In particular. if d max ~ 00, the signal level and distance based handover becomes a signal
level based handover. This feature is also used for the performance evaluation in the following
analysis.
6.2.2 Handover between different networks
6.2.2.1 Possible parameters to trigger handover
To analyse inter-network handover performance, the most appropriate parameters to make
handover decision should be identified. Similar to GSM, possible parameters to make
handover decision are Bit Error Rate (BER), signal level measurement and MT-BS distance.
In GSM handover, the BER parameter is the most reliable one to represent the radio link
quality, particularly in the presence of interference, while signal level measurement may cause
misleading handover decision. Therefore, it would be desirable that the MT periodically
monitors the BER coming from both current link and all surrounding links. But different
situation exists during inter-network handover which makes BER measurement is not always
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feasible. In general, the inter-network handover takes place in rural or sub-urban area, in
which a handover is triggered because of the disappearance of GSM coverage, instead of the
presence of interference. In this case, the signal level measurement has at least equal
importance to BER measurement. Because of its simplicity, it is preferable to measure the
signal level during the inter-network handover process instead of signal quality.
During a GSM to satellite handover, possible parameters for handover initiation are signal
level and MT to serving BS distance. The signal level can be measured from both network and
MT. but the MT-BS distance is only available from the network side. For this reason, different
handover initiation criteria have to be followed for different connection establishing scheme.
With a backward GSM to satellite handover scheme, handover decision is made by the
network, therefore the handover can be initiated by both signal level and distance
measurements. However, with a forward GSM to satellite handover scheme, the handover
decision is made by the mobile (this has been addressed in chapter 3), the handover has to be
initiated by signal level measurement only.
In satellite to GSM direction, the handover can be triggered by two simultaneous events: GSM
signal is over pre-defined threshold and MT-BS distance is within pre-defined range. One of
the difficulty for this handover scenario is the MT-BS distance is not available from the
satellite LES during a call through satellite link, thus a novel algorithm has to be developed
for the LES to estimate this distance. In this chapter, we assume the active MT's position is
known by the LES all the time during a call within certain uncertainty. We also assume the
target GSM BS's location is known by the LES. Based on these information, MT-BS distance
can be estimated from the LES, handover can be initiated from this estimation. The algorithm
to estimate an active MT's position from LES has been introduced in chapter 5.
6.2.2.2 Signal level comparison
There also exists a problem if the signal level is used as one of the joint parameters. Since the
monitored links come from different environment, the measured signal levels can not be
directly compared due to their widely different frequency band, modulation algorithm and
channel coding scheme. A possible solution would be to set a minimum acceptable value for
both measured links, and then compare the relative difference of the measured signal level to
the respective minimum values. We assume that the slopes of the quality vs. signal level
curves in the two networks are similar. Thus the comparison between the measured signal
levels from the two networks can be carried out on the basis of distance from the minimum
acceptable level.
y
spotbcum-z
coverage spotbeum-I
cover-age
x:
Fig. 6-5 An area covered by both GSM cells and spotbeams
To be general. we consider an area covered by both GSM cells and satellite spotbeams. This is
shown in Fig. 6-5. In Fig. 6-5, an active MT is located at position pix, y) . Again, if y = 0 , the
MT's position can be represented by x. The call can either go through GSM network or go
through satellite network. If the number of surrounding GSM cells is n
c
and the number of
spotbeams illuminating the MT is n.
I
" then the total number of surrounding channels
monitored by the MT during the call is nc + n.I, . Assume 11 g and 11 s are minimum acceptable
signal levels received from GSM link and satellite link. rk (x) is the average received signal
level from either GSM or satellite link, k E [l,n
c
+ n,,]. r:(x) is the relative difference of the
average received signal level with respect to the minimum acceptable value. Then we have
r~(x)=rm(x)-11g
r:(x) = rn (x) - 11 s
(6-8)
If I1rnm(x) is the difference between r;(x) i n: + 1<n< nc + n,,) and r: (x) (1 < m < nc ) ' then
I1rnm(x) = r;(x) - r~ (x) (6-9)
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Again. distribution of ~rllm(x) should be normal. We have: ~rllm(x) - N[PM(x),a~r]' Pi1r(x)
and a ~r are defined as:
(6-10)
where J.1s and P s are the mean power level decrease (in decibels), a,l' and a g are the
shadowing standard deviations of ':, (.x) and rm (x). If the initial standard deviation on each
link is a .1'0 and a gO' after an average over N samples, relations of the standard deviation
before and after average on each link are given by
and
a 2 [ N-I ( ) ].2 _ -=- .1'0 n 2(J, - Va+J =AT· 1+ 2 ~ 1- N .y,
E{r. (x ). r. (x 1 ) } =a~ . rl~sl
.1 I .\ _ .10.1
(6-11)
(6-12)
r J and r g are correlation coefficients which determine the decaying rate of the correlation on
different channels. d, and dg are sampling distance on satellite and GSM radio links. We still
assume the mobile has 30kmlhr velocity, sampling interval on GSM radio link is 0.48s,
sampling interval on satellite radio link is 1s.
If the signal levels received from both links are transformed according to (6-8), the level
crossing point produced by r;(x) and r; (x) generally does not represent the expected
handover position. This is shown by Fig. 6-6 and Fig. 6-7. In the first graph, absolute signal
levels received from both links are plotted against MT-BS distance; The second graph gives
the relative signal level difference with respect to their minimum acceptable values. From Fig.
6-7, the level crossing point is different from the expected handover position (determined by
handover signal level threshold P'1lJ or distance threshold d
max
) ' Therefore, to initiate an
accurate inter-network handover, handover hysteresis margin should be carefully selected and
its value must be different from GSM handover since in GSM network the level crossing
point is the expected handover position.
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6.2.2.3 Handover from GSM cell to satellite beam
The GSM to satellite handover procedure discussed in this thesis is similar to GSM one.
During a GSM call, the MT continuously makes measurement on the signal levels from the
serving cell, surrounding GSM cells and satellite spotbeams under the instruction of its
serving BS. Measurement results are sent back to the BS through the 'measurement report'
message via SACCH channel.
A difference exists between backward handover and forward handover scheme. If a backward
GSM to satellite handover scheme is adopted, the "measurement report" should also include
those measurement results for surrounding satellite spotbeams, since the serving MSC has to
select the target beam based on this information. In the handover detection stage, both signal
levels and MT to BS distance are used by the BS for handover detection. Once a handover has
been detected, the serving BS submits the MSC with a candidate cell list in which all
candidate cells and beams satisfy the following relation: ~r(x) > H . In the handover decision
stage, target spotbeam is selected from the list by comparing the averaged signal level
measured from the MT.
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However. with a forward GSM to satellite handover scheme, the handover decision is made
hy the mobile. there is no need to pass surrounding beam measurement results back to GSM
BS. This alternative solution means the mobile has to make the handover decision purely
based on signal level measurements, since MT-BS distance is not available from the mobile.
As will be seen from the numerical analysis, this handover scheme results in increased
unnecessary handover rate, but reduced call dropping probability.
Both backward and forward GSM to satellite handover initiation procedures are shown in Fig.
6-8.
6.2.2.4 Handover from satellite beam to GSM cell
During a call through satellite radio link, the MT's position is estimated by the LES based on
algorithm introduced in chapter 5, the distance between MT and target BS is estimated
afterwards. The MT measures both GSM and satellite signal, and passes the measurement
results back to the satellite LES. A handover is declared by the LES if either GSM signal is
too hizh or MT-BS distance is too short. Once a handover has been detected, a candidate cell
'-
list is submitted to the satellite ground station. In the candidate cell list, all candidate GSM
cells or spotbeams satisfying ~r(x) > H are included. Handover decision is similar to the
GSM to satellite handover: target GSM cell is selected from the list by comparing the
averaged signal level received from each of them.
Assuming the estimated MT's position is (i,y,z), target GSM BS's position obtained from
GSM network is (x B' YB' ZB)' then d , distance from the MT to target BS can be given by
If position estimation of the MT is accurate enough, d can be used for handover initiation.
Fig. 6-9 has given the detailed satellite to GSM inter-network handover initiation procedure.
6.2.2.5 Inter-network handover initiation analytical model
Based on Fig. 6-8 and Fig. 6-9, inter-network handover initiation conditions can be given by
([rJ\) < p,,,,] or [d > dm,, ]} and {tlr,m (x) > +H}
and h(.r) '= max[r, (x), k '= n, + 1,. . ·n,. + n, ]}
{[r", (x) > Ph"] or [d < d"",,]} and {tlr"" (x) > +H}
and {r", (x) '= max[r, (x), k '= 1... 'Il,]}
HO from cellm to beam,
(6-13)
HO from beam; to cell;
in which Pho is the handover signal level threshold in GSM radio link. If dmax ---7 00 (GSM to
satellite) or d max ---70 (satellite to GSM), the signal level and MT-BS distance based handover
becomes a signal level based handover. For GSM to satellite handover direction this,
corresponds to a forward handover scheme. For satellite to GSM handover direction this,
corresponds to the handover initiation without using the MT positioning technique. These
features will be widely used in the following performance analysis.
Compared with a GSM handover, a major difference exists in the inter-network handover
analysis. Because of the satellite motion, signal level received from each spotbeam is not
constant, even if the dual-mode terminal is stationary. The satellite antenna is generally
designed in the following way so that the max. gain appears in the direction of each spotbeam
centre and the gain decreases in a pre-defined pattern along with the increase of distance from
the MT to the spotbeam centre. Thus, the signal level received from each beam can be
described as a function of time t, or equivalently, distance from the MT to spotbeam centre.
The rate of change of the received signal level is dependant on the antenna's pattern,
spotbeam size and satellite velocity. On the other hand, the signal level sharp deviation
received from the spotbeam only happens around the edge of each beam. Inside the spotbeam
coverage, the antenna's pattern causes limited attenuation to the received signal level (2-3dB
in general). In the following performance analysis, we still assume a constant signal level
received from each beam, attenuation caused by the antenna's pattern and path-loss change is
treated as additional part of shadowing in the signal transmission path. It is considered that
this simplification will not change the overall results of performance analysis.
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Fig. 6-8 GSM to satellite
handover initiation procedure
(Bachward handover) (Forward handover) (Backward handover)
Fig. 6-9 Satellite to GSM
handover initiation procedure
6.3 Handover probability in position x
In terrestrial cellular or mobile satellite network, neighbouring cells or spotbeams are
generally overlapped each other so that there is an area in which a MT can receive acceptable
signal quality or signal level from both cells or beams. This area is defined as handover area.
Theoretically, a handover should be initiated at the centre of the handover area since the signal
levels received from both links are similar. But the signal level received from both links does
not follow smooth variation, this results in either pre-mature handover or delayed handover.
Frequent pre-mature handover results in higher probability of unnecessary handover and
delayed handover results in higher call dropping probability. Thus an ideal handover position
is crucial to obtain good handover performances. In this section, handover position is
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evaluated based on previously introduced handover initiation analytical model. For our
purpose. both GSM handover and inter-network handover positions are considered.
6.3.1 Handover probability in GSM network
6.3.1.1 Analytical model
To analyse the handover position in GSM network, Fig. 6-3 still can be used. Assuming the
number of surrounding cells is 11 c and an active MT is moving from BSt to BS2 • In position
.v, if the MT is still listening to the current link, then a handover might be happening in its
forward direction (from BSt to BS2 ) . Otherwise, if the MT has already switched to the target
link, a handover might be happening in its backward direction (from BS2 to BSt ) . Then,
PH (x}, the probability to initiate a handover to BS2 on position x, can be given by
PH(X) =P,lf(x)' ~.(x) (6-14)
In which P'lf (x) is the probability that a forward handover condition to BS2 specified by (6-7)
is satisfied in position x, but the handover is not necessarily initiated in this position since the
MT might be already switched to the target link before it arrives x. P,(x) is the probability for
a MT to remain on current link up to position x (no handover happens before x). Based on (6-
7) and Fig. 6-4, Phf (x) can be given by
Phf (x) = P det eet ( X) . P eand ( X) . t;arg (X) (6-15)
In (6-15), the first term Pdeteet (X) is the probability that a handover is detected in x. The
second term P
eand
(x) is the probability that BS2 is chosen as one of the candidate cell
(appears in the candidate cell list). The third term ~arg (x) is the probability that the cell k is
selected as target cell among a number of candidate cells.
From Fig. 6-4, a handover is detected if either signal level or distance satisfies its pre-defined
condition thus Pd (x) can be calculated by, 'et eet
~kt cct (X) =P{r,l (X) < PI or d1> d }/() - max
= P{r1(X) < p,,,,} + Pg > d m,, } - P{r1(X) < P,,,, }P{d1 > d m,, } (6-16)
In particular, if d max ~ 00 in (6-16), handover detection is purely based on signal level
measurement, e.g., the signal level and distance based handover becomes a signal level based
handover.
In (6-l5t F:Wll'(X) and ~arg(x) are given by
~arg (x) =P{r2 (x) =max[rm (x),m =1· .. nc ]}
and ~,(x) is given by
6.3.1.2 Numerical results
(6-17)
(6-18)
(6-19)
Based on above analytical model, handover probability in various MT positions between two
BSs is calculated and numerical results are plotted against MT's position in the overlapped
area between the two BSs. Results are shown in Fig. 6-10 to Fig. 6-15. In Fig. 6-10, 5-12 and
5-14, handover detection is purely based the signal level measurement on the service link
(e.g., Pdetect (x) is calculated with d max ~ 00 ). In Fig. 6-11, 5-13 and 5-15, handover detection
is based on both signal level and MT-BS distance measurements. Bearing in mind the
expected handover position is 50% of the overlapped area. Any handover initiated before this
position is a pre-mature handover, otherwise is a delayed handover. In producing these graphs,
parameters required for numerical calculation have been list in Appendix-3. Cells are disposed
according to Fig. 6-3. Assuming the MT moves from BS1 to BS2 with a constant velocity.
Since the handover probability is very low anywhere outside the overlapped coverage area
produced by cell-I and cell-2, the calculation is only carried out within this area. From Fig. 6-
3, the serving cell (cell-I) is surrounded by several other cells. During a call, the MT can be
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handed over to anyone of these cells. In the following numerical results, only the handover
probability from BS\ to BS2 is considered. As the MT-BS distance measurement is generally
contaminated with measurement noise, the noise level has to be defined in the performance
analysis. It is assumed that amplitude of the measurement noise confirms to Gaussion
distribution with zero mean and standard deviation an' From Appendix-4, an =0.22km .
Fig. 6-10 and 5-11 are handover probabilities for various numbers of averaged samples N
(e.g.. various average window length). In general, if the window length is too short, the
handover is generally initiated too early (N=20); If the window is too long, most probably the
handover is delayed (N= 140). Comparing Fig. 6-11 with Fig. 6-10, a signal level and distance
based handover achieves better handover position.
Fig. 6-12 and 5-13 are handover probabilities for various values of handover hysteresis margin
H. As expected, a smaller H results in pre-mature handover (H=2dB), a larger H results in
delayed handover (H=14dB). Again, better handover position is achieved by a signal level and
distance based handover.
Fig. 6-14 and 5-15 are handover probabilities for various shadowing conditions. From these
graphs. a heavily shadowed link triggers pre-mature handover (a =14dB), and a slightly
shadowed link results in delayed handover (a = 2dB ) with the selected Hand N. Again, better
handover position is achieved by a signal level and distance based handover.
From above numerical results, with a signal level based handover initiation criterion,
optimised handover position can be achieved by properly selecting the handover hysteresis
margin H. But this H is only applicable to a particular shadowing environment. If the
environment has been changed, the handover is either started too early or is seriously delayed.
In general, a signal level based handover does not achieve accurate handover position. For this
reason, in practice, the signal level measurement is always combined with the MT-BS
distance measurement to perform the handover detection.
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6.3.2 Handover probability for inter-network handover
In analysing inter-network handover, Fig. 6-8 and Fig. 6-9 are used. From these two graphs,
inter-network handover in different directions require different handover initiation criteria,
thus different analytical models are developed.
Handover from GSM cell to satellite spotbeam
To initiate a handover in this direction, handover initiation conditions expressed by (6-13) is
applied. Assuming the number of surrounding GSM cells is n
c
' the number of spotbeams
illuminating the MT during the call is '',.. According to our previous description, the satellite
channels should be also included into the measurement report, thus the total number of
surrounding channels to be monitored by the MT is n
c
+ n.I.• If the MT is in position x, its
serving cell is a border cell which is covered by BS], similar to the expression developed for
GS~I network, probability to initiate a handover to the satellite spotbeam-1 can be given by
PH(X) = Phf(x). Pe(x)
in which
~if (x) = Pdeteet (X) . Pcand (X) . r, arg (X)
and
x
Pe(X) =II[l- Phj(X')]
x'=o
(6-20)
(6-21)
(6-22)
Since the measured signal level on GSM link and satellite link can not be directly compared,
solution described in section 4.2.2 has to be adopted. Thus the way to calculate Pdeteet (x) ,
Peand (X) and ~arg (x) is different from GSM one. For inter-network handover, their
expressions are given by
Pdetect (x) =P{r] (x) < r: or d] > dmax }
= P{r] (x) < Pho} + P{d] > dmax} - P{r] (x) < Pho}p{d] > dmax}
(6-23)
1
(6-24)
p'"g (x) = P{r, (x) = max[rm (x), 111 = ». + 1. " n,. + 11., ]} (6-25)
In which ~r21 (x) is calculated from (9). Again, if d
max
~ 00, the signal level and distance
determined GSM to satellite handover becomes a signal level based handover. In this case, it
corresponds to the GSM to satellite handover initiated by a forward connection establishing
scheme.
Based on (6-20) - (6-25), GSM to satellite handover probabilities are calculated under various
conditions. results are plotted in the following graphs against the distance from the MT to its
serving BS. By choosing d max ~ 00, handover probabilities using forward handover
establishing scheme are calculated and results are shown in Fig. 6-16 and 18. In calculating
signal level and distance based handover probabilities (backward handover), the maximum
Ldistance threshold d max has the same value as GSM cell to cell handover, e.g., d max = -.!!.-,2
results are shown in Fig. 6-17 and 5-19. To compare the two considered handover connection
establishing schemes, the same conditions have been assumed in producing Fig. 6-16 and 5-
17, Fig. 6-18 and 5-19. Again, parameters described in Appendix-3 have been applied in the
performance evaluation.
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Fig. 6-16 PH (X) : handover from
cell to beam (forward handover)
Fig. 6-17 PH (X) : handover from
cell to beam (backward handover)
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From these graphs, during a GSM to satellite handover, the increased H and decreased (J
produce delayed handover. At the same time, the decreased H and increased (J produce pre-
mature handover. Thus, relation between handover position, (J and H is similar to that in
GSM inter-cell handover. In addition, with a signal level based handover criterion (using
forward handover scheme), handover position is distributed in a much wider range (15 to
45km) compared with that of GSM handover. This is because the signal level received from
the satellite link is not sensitive to the MT's position, therefore the handover becomes
sluggish. Moreover, by taking MT-BS distance into account, handover position is greatly
improved. The handover position in the signal level and distance based handover is closer to
the cell border. This can be seen by comparing Fig. 6-16 with 5-17, Fig. 6-18 with 5-19.
To have a better view for the two considered handover types (GSM handover and GSM to
satellite handover), handover probabilities are calculated for both cases and results are plotted
under the same graph. This has been shown in Fig. 6-20 and 5-21. Again, two situations are
distinguished: by setting d
max
~ 00 , signal level based handover probabilities are given in Fig.
6-20 By setting d = LB signal level and distance based handover probabilities are given
. max 2'
in Fig. 6-21. In each graph, both GSM handover and GSM to satellite handover results are
given and probabilities are calculated in the worst case: handover hysteresis is either too low
(pre-mature handover) or too high (delayed handover). From these graphs, if H is too small, a
GSM to satellite handover is initiated much earlier than a GSM internal handover. Otherwise,
if H is too large, a GSM to satellite handover is delayed much longer than a GSM internal one.
This conclusion is applicable to both handover initiation criteria: signal level based handover
(forward handover), or signal level and distance based handover (backward handover). But
from Fig. 6-21, with the help of distance measurement, the GSM to satellite handover position
can achieve great improvement. Thus the distance measurement during the GSM to satellite
handover plays an important role, a backward handover in GSM to satellite direction achieves
more accurate handover position compared with a forward one.
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Handover from satellite spotbeam to GSM cell
Considering a MT approaches BS1 from spotbeam k during a call through the satellite
network. To calculate handover probability in position x, (6-20) and (6-21) still can be used
but P
d
(x) P d (x) and P (x) need to be redefined as
et ect 'can t arg
(6-26)
P
cand (x) =P{~rkl (x) > +H} (6-27)
(6-28)
Based on (6-20), (6-21), (6-26), (6-27) and (6-28), the handover probabilities are calculated
and results are plotted in Fig. 6-22 and Fig. 6-23. Again, two situations are distinguished.
During a call through satellite radio link, if the LES can not evaluate the MT's position, the
handover has to be initiated based on signal level measurements, e.g., (6-26) to (6-28) have to
be evaluated by setting d
max
-700. This is shown in Fig. 6-22. On the other hand, if the MT's
positioning technique can be applied during a satellite call, the handover can be initiated by
signal level and distance. This is shown in Fig. 6-23. In this graph we have d =26km The
, max •
second graph shows much better improvement after introducing MT positioning technique.
Since MT positioning uncertainty is high, MT-BS distance estimation error will be much
higher compared with that during a GSM to satellite handover, therefore the satellite to GSM
handover position will not be as accurate as handover in the other direction.
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Fig. 6-22 PH (X) : beam to cell handover
(based on signal level)
Fig. 6-23 PH (X) : beam to cell handover
(based on signal level and position)
As can be seen from chapter 5, a MT's positioning accuracy during a call through satellite
radio link is dependant on the available call duration, e.g., the longer the call before handover
initiation, the more accurate the MT's position. To achieve 3km positioning accuracy, it
requires that the call last for 8 seconds (200 pairs of measurement samples). It is considered
that this positioning accuracy can be always achieved before a handover takes place, since the
signal level average window on GSM radio link is already much longer than 8s (32 samples
corresponds to 16 seconds).
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6.4 Probability of unnecessary handover
The probability of unnecessary handover is defined to be the probability that a MT handovers
from one link to another link and then initiates another handover back to the first one within a
pre-defined duration. The main reason of the unnecessary handover is the signal level profile
unevenness because of various local environment. An unnecessary inter-network handover
produces additional signalling load on both radio and terrestrial links, much longer handover
interruption and lower call quality. For inter-network handover, the unnecessary handover
causes much higher additional cost compared with the GSM one, since the signalling during
this handover has to be routed via very long distance (several thousand kilometres in some
cases). A trade-off always exists between the unnecessary handover rate and call dropping
probability [37][38][39]. In the following, probabilities of unnecessary handover in different
directions are analysed separately.
6.4.1 GSM cell to cell unnecessary handover
Considering the situation shown in Fig. 6-3. Assuming a handover from cell 1 to cell 2 has
been initiated at time t. it is defined as unnecessary handover if another handover from cell 2
to cell 1 is initiated within [t,t+i1t]. If the MT sets up a call in cell-I, PH (x) is the
probability for the MT to handover from cell-l to cell-2 and Phh(X) is the probability that a
handover condition described by (6-7) is satisfied. Then Pu(x), the probability to initiate an
unnecessary handover from cell-l to cell-2 in position x is
x+v·ill
PU(x)=PH(x) LPhh(X')
x'=x
PH (x) is calculated from
PH (X ) = Ph! (x) . Pc (x)
(6-29)
(6-30)
and P, (x) is calculated from (6-19). To calculate Ph! (x) and Phh(x), expressions similar to
(6-21) exist
Ph! (x) = Pdetect_! (x) . pcand_! (x) . ~arg_! (x)
Phh(x) = Pdetect_h (x) . Pcand_h (x) . P, arg_h (x)
in which
(6-31)
~'(/nd_f (x) = p{~r2\ (x) > +H}
p"'R-f (x) =P{r, (x) =max[r", (x),m=1... n,]}
and
(6-32)
(6-33)
~'(/nd_h (x) =p{~r21 (x) < -H}
~ar~h (x) =P{r\ (x) =max[r11l (x), 111 =1... nc ]}
Again. to see the MT-BS distance ilnpact on the unnecessary handover probability, two
situations are considered in calculating Pdetect_f (x) and Pdetect h (x): signal level based
handover and signal level-distance based handover.
For a signal level and distance based handover, we have
Pdeteo_f(x) =P{r\ (x) < P'/II or d\ > dmax }
= P{r\ (x) < Phil} + P{d\ >dmax} - P{r\ (X) < Phil}P{d\ >dmax}
and
Pdetect_b Cr) = P{r2 (X) < Phil or d2 > dmax }
=P{r2 (x) < Phil} + p{d2 > dmax } - P{r2 (x) < r; }p{d2 > dmax }
(6-34)
(6-35)
In particular, if dmax ~ 00, the signal level and distance based handover becomes a signal
level based handover. In this case we have
and
Pdetect_f(X) =P{r\(x) < Phil} (6-36)
(6-37)
Apart from the unnecessary handover, another equivalent way to evaluate a handover stability is to
estimate the average number of handovers along the whole route of the MT's motion. The average
number of handovers along the route from BS 1 to BS2 can be evaluated based on the same idea
introduced in [39]. During the mobile's motion, after a number of handovers, the probabilities for the
, ,
acti ve mobile communicating through current link or target link are denoted by P, (x) and P, (x).
If the sampling distance is Ax , then in position k -~ (denoted by k), probability to perform a
,
handover (both forward and backward) PH (k· ~) can be given by
" ,
PH (k) =r, (k) . Phf (k) + r, (k)· r; (k)
in which
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,P, (k) = P,1j (k - I) . [I - P',h (k - 1)] + [1 - P"f (k - 1)] . [1 - Phh (k - 1)] .~' (k - I)
,
P, (k) = P',h (k - I) . [I - p,(t (k - I)] + [1 - P~t (k - 1)] . [1 - Phh (k - I)] . ~,' (k - I)
(6-39)
, ,
P, (k) and P, (k) can be calculated recursively using initial values ~' (0) =0 and Pc' (0) =1.
Finally. the average number of handover N H can be calculated by
N" r
NH=LPH (k)
k=1
(6-40)
N", is the total number of samples in the whole range of the mobile's motion.
Based on above analytical models, numerical results for unnecessary handover between
different GSM cells are shown below. In calculating these results, conditions addressed in
Appendix-3 have been used again. Fig. 6-24 gives the numerical results for a signal level
based handover (by selecting dmax ~ 00) and a signal level and distance based handover
L(dmax = _B ). Comparing the two curves in this graph, a signal level and distance basedJ
handover has a higher unnecessary handover probability. This probability is especially high
around the centre of the overlapped area. Because the expected handover positions for both
handover directions (forward and backward) are L B , around this position, handover
2
probability to both directions is high, therefore most probably a forward handover is followed
by a backward handover. To decrease this unnecessary handover probability, a reasonable
solution is to stagger the two expected handover position so that the expected position for a
backward handover is well before that of a forward handover. This can be done by selecting
d
max
= R . Unnecessary handover probabilities for both signal level based handover and signal
level-distance based handover (when dmax = R) are shown in Fig. 6-25. From this graph, the
two curves are overlapped throughout the considered area. This means by introducing distance
into handover detection, handover position can be improved without any additional cost in
terms of unnecessary handover probability, provided the expected handover position is
selected properly.
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The average number of handovers can be evaluated from (34) - (36), numerical results are plotted in
Fig. 6-26. By introducing a large H, N H can be greatly reduced (close to one). Meanwhile, by taking
distance into account, the handover happens more often, this is seen from curve-l and curve-2.
However. with a staggered handover distance threshold, N H for signal level and distance based
handover is similar to that for signal level based handover, this is seen from curve-l and curve-3.
Therefore, numerical results calculated for N H is in line with Pu(x) .
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Fig. 6-26 N H : average number of handover between two GSM cells
6.4.2 Inter-network unnecessary handover
The typical situation for GSM to satellite handover has been shown in Fig. 6-5. Since the MT
is a dual-mode terminal, and since cell-l is a border cell, signal levels received from several
spotbeams are also monitored. The new measurement samples are generated for every new
SACCH multi-frame of 480 ms duration, and are transmitted back to its serving BS (BS1 )
through the 'measurement report' message. To have sufficient confidence in the estimates
derived from finite-sized measurement sample sets, averaging is carried out for at least 32
samples. measured over 32· OA8s . ISs duration. As was mentioned before, a difference
exists between backward handover and forward handover schemes. With a backward
handover scheme, measurement results of surrounding beams are also passed back to the
GSM BS. With a forward handover scheme, GSM to satellite handover decision is purely
made by the mobile, these information are not required for SACCH transmission.
Handover from GSM cell to satellite spotbeam
Assuming a forward handover from GSM to satellite has been initiated at time t, it is defined
as unnecessary handover if a backward handover from satellite to GSM is initiated within
[t.t+ ~t]. Considering a MT setting up a call in GSM cell, PH(x) is the probability for the
~IT to handover from cell to spotbeam and Phh(x) is the probability that a satellite to GSM
handover condition described by (6-13) is satisfied. Then Pu(x), the probability to initiate an
unnecessary handover from cell to spotbeam in position x is
x+v·Llt
Pu (x) = PH (x) L Phh(x')
x'=x
PH (x) is still calculated from
PH (X ) =Ph! (x) . r; (x)
(6-41)
(6-42)
From Fig. 6-8, Phb (x) is
r; (X ) =Pdet ect ( x) . Pcand ( X ) • t;arg ( X ) ( 6-43)
and P (x) P (x) and P (x) are calculated from (6-23), (6-24) and (6-25). In (6-24),
det ect 'cand t arg
by setting d
max
~ 00, a backward GSM to satellite handover becomes a forward handover,
since the handover decision is purely based on signal level measurements. In (6-43), by setting
d
max
~ 0, a signal level and MT position based satellite to GSM handover becomes a signal
level based handover.
Handover from satellite spotbeam to GSM cell
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Definition of unnecessary handover in this direction is similar to that of GSM to satellite
unnecessary handover. Assuming a call is set up from a spotbeam, then in position x,
probability for the MT to make an unnecessary handover to a GSM cell is
\-\".:)1
Pu(x) =PH (x) L P',b (x')
.1"=.1'
in this case we still have
(6-44)
(6-45)
but in calculating p,,! (x) and P, (x), (26), (27) and (28) are used. Similar to (40), to get
P'1b (x). we have
Phb (x) = Pdetect ( x) . r:'and (x) .P, arg ( x) (6-46)
and Pdetect(x). PC£lnd(x) and ~arg(x) are defined by (6-23), (6-24) and (6-25). Again, the signal
leve1 and distance based handovers in both directions can be changed to signal level based
handovers if distance threshold is properly selected.
The numerical analysis of Pu(x) is only carried out by considering an active MT moving out
of GSM coverage, since a MT moving in the other direction has similar performance. In this
case, Pu(x) is evaluated from (6-41), (6-42) and (6-43). Several situations have been
identified. (1) forward GSM to satellite handover, signal level based satellite to GSM
handover. (2) backward GSM to satellite handover, signal level based satellite to GSM
handover. (3) backward GSM to satellite handover, signal level and position based satellite to
GSM handover, the same handover initiation position in the two directions. (4) backward
GSM to satellite handover, signal level and position based satellite to GSM handover,
different handover initiation position in the two directions. These four cases have been shown
in Fig. 6-27 and Fig. 6-28.
First of all, case-l to case-3 are shown in the same graph (Fig. 6-27). From this graph, if the
handovers in both directions are based on signal level, unnecessary handover probability is
low (case-I). However from the previous discussion, this handover is distributed in a very
wide range along the MT's route, the handover has a bad position. To improve this handover
position, MT's positioning information has to be applied. With a forward handover scheme
and MT's position determination technique provided by LES, the unnecessary handover
probability is high around the expected handover position. This is shown by curve-2.
However, compared with the forward handover scheme, a backward handover scheme
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achieves much better performance. This is seen by comparing curve-3 with curve-2. In getting
these two curves, the same distance threshold has been used in both handover directions:
d ma" = 26km. The backward handover reduces Pu(x) by 50% compared with a forward
handover. This feature is especially useful for inter-network handover.
The Pu Cr) can be decreased even further if the distance thresholds In different handover
directions are staggered by a certain distance. This result is shown in Fig. 6-28. There are
three curves in this graph: ease-L case-3 and case-4. Case-l and case-3 are estimated under
the same condition as Fig. 6-27. But in calculating case-4, the handover distance thresholds
are staggered by 2km, e.g. d max =27km for GSM to satellite handover and d max =25km for
satellite to GSM handover. Because of this handover distance arrangement, the average GSM
to satellite handover position is well behind the average satellite to GSM handover position,
therefore most of the unnecessary handovers can be avoided. As a result, by introducing MT
position and distance into both handover directions, handover position can be under control, at
the same time, unnecessary handover probability can be reduced to very low level.
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The average number of inter-network handovers N H is also calculated from (6-38) - (6-40) and
results are plotted in Fig. 6-29. In this graph, the number of handover is calculated against various
beam to cell handover margins, at the same time the handover margin for cell to beam handover
remains to be fixed (6dB). The N H has been calculated for both handover directions. From Fig. 6-29,
the increased H results in decreased N H until N H is close to one. This is also in line with the results
obtained from Pu (x) .
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Finally. P['(x) for inter-segment handover is compared with Pu(x) during GSM handover.
Results are shown in Fig. 6-30. From this graph, if a backward handover scheme is adopted,
with a staggered handover position in different handover directions, Pu(x) for inter-segment
handover can be similar to that of GSM handover. Therefore, to minimise the inter-network
unnecessary handover, it is preferable to use a backward handover scheme in GSM to satellite
handover direction, at the same time, the handover in satellite to GSM direction is initiated by
both signal level and MT position.
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6.5 Probability of call dropping
From the previous section, to decrease inter-network unnecessary handover probability,
delayed handover in both handover directions is highly recommended and a backward GSM to
satellite handover is preferred. But since a delayed handover usually results in forced call
dropping, in the system design, forced call dropping probability has to be evaluated to make
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sure the decreased Pu (.r) does not introduce too much additional cost. This is the main
objective of this section.
A dropped call generally happens around a cell border where the signals received from both
links (service and target links) are weak. The criterion for determining a radio link failure in
the ~1T shall be based on the success rate of decoding messages on the downlink SACCH,
which is dependant on the radio link signal level. The aim of determining radio link failure in
the MT is to ensure that calls with unacceptable quality, which can not be improved by
handover. are released in a defined manner. In general, the parameters that control the forced
call dropping should be set such that the forced call dropping will not normally occur unless
the call has degraded seriously.
In GSM, the call dropping criterion is based on the radio link counter S. If the MT is unable to
decode a SACCH message, S is decreased by 1. In the case of a successful reception of a
SACCH message, S is increased by 2. In any case S shall not exceed the value of
RADIO_LINK_TIMEOUT. If S reaches 0, a call dropping is declared [40]. To establish an
analytical model, this criterion is simplified to be the following. If the current radio link is
heavily shadowed for a given duration fi.T (or equivalently M in distance), at the same time,
conditions of handover to another link is not satisfied, the call is forced to be dropped. fi.T
can be calculated by
!1T = RADIO_ LINK_ TIMEOUT· TSACCH (6-47)
TSACCH is the SACCH frame duration in GSM network. It should be noted that the simplified
call dropping criterion only considers call dropping for signal level reason, it does not take the
co-channel interference into account.
A difference exists for the selected connection establishing scheme. If a backward handover
scheme is applied, a call is terminated simply because the current link falls below the
minimum required level for a given duration. During this duration, even though condition of
handing over to target link is already satisfied, the handover still can not take place since
handover signalling exchange can not be performed. On the other hand, if a forward handover
scheme is applied, a dropped call is caused by two simultaneous events: the current link falls
below the minimum required level for a given duration, at the same time, condition of handing
over to target link is not satisfied. Signalling procedure for the forward handover will be
detailed in the next chapter.
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Call dropping probability during GSM handover
From the analysis in the previous chapter, the GSM handover is a backward handover. A
typical situation for GSM handover has been shown in Fig. 6-3. Considering a MT moving
from cell-l to cell-Z. Based on above description, during a call in cell-I, if the MT's position
is x. the call dropping probability in GSM network can be calculated by
(6-48)
in which P, (x) is the probability for the MT to remain on the current link up to position x, it is
calculated from (6-19), r\ (x) is the average received signal level from BS1 and Pg mi n is the
minimum acceptable signal level in the GSM network. We have assumed that this minimum
required signal level is applicable to both voice channel and signalling channeL
Call dropping probability during GSM to satellite handover
In this case, two connection establishing schemes are considered: backward handover scheme
and forward handover scheme. A typical situation for GSM to satellite handover is shown in
Fig. 6-5. The active MT is using a GSM link, it is moving out of its serving cell covered by
BS\. If a backward handover scheme is applied, similar to before, the call dropping
probability can be given by
PD (x) = Pc (x)· IT [p{"I (x) < r,min } ]
x-v·/j.T
(6-49)
P, (x) is the probability for the MT to remain on the current link up to position x, it is
calculated from (6-22). Definitions for other parameters are still the same as before. On the
other hand, if a forward handover scheme is applied, assuming the MT has N.I• satellites in
view, the call dropping probability is given by
PD(x) =P,(x)· Jt[pHx) < P,min }D[l- Phj(n,x)]] (6-50)
in (6-50), Ph! (n, x) is the probability that handover condition to spotbeam n is satisfied, it is
defined by (6-21). P,(x) is still defined by (6-22). However, since a forward handover has to
rely on the measured signal level only, in getting Ph! (n, x) and Pc (x) , we have dmax ~ oo . It
is considered that if the MT has several satellites in view, the call dropping probability in a
forward handover can be much smaller compared with the single satellite case. By comparing
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(6--+9) with (6-50), it is also predicted that a forward handover has lower call dropping
probability than that of a backward handover.
Call dropping probability during a satellite to GSM handover
The GSM network has been designed to have all handovers in the backward direction. For this
reason, handover access in the forward direction will not be accepted. It has been foreseen that
a forward handover from satellite to GSM requires too much modifications on GSM network,
therefore backward handover is the only option for the handover in this direction. This will be
addressed in more detail in the next chapter. Assuming an active MT is using a satellite link
recei"eel from one spotbeam, and it is moving into a GSM cell. We consider the worst case,
the MT has only one satellite in view (for ICO-l 0 system, this is rarely the case). If the current
link is seriously shadowed for a given duration, so that handover signalling can not be
exchanged according to backward handover signalling procedure, then the call is forced to be
dropped. Therefore the probability of call dropping is irrelevant to the availability of GSM
signal. The call dropping probability can be given by
PD(X) =P,(x), IT [P{r.(x) < P,min}]
s-vsr
(6-51)
In (6-51). P; (x) is the probability for the MT to remain on the current link up to position x, it
is calculated from (6-22), ~~ (x) is the average received signal level from the satellite link and
P . is the minimum acceptable signal level on the satellite link. If the MT has more than oneSffiln
satellites in view, the call can be handed over to another satellite. In this case, the call
dropping probability can be much lower then the value given by (6-51). Considering the inter-
satellite handover might have different initiation criterion, handover to this direction is not
considered in this chapter (it will be analysed in chapter 8). From the following numerical
results, it can be seen that even though in the case of single satellite visibility and with
backward handover procedure, the call dropping probability is already small enough and no
special care should be taken.
Based on above analysis, numerical results for vanous handover types and connection
establishing schemes are shown in the following graphs. Fig. 6-31 is the call dropping
probability for GSM handover; Fig. 6-32 and Fig. 6-33 are call dropping probabilities for
GSM to satellite handover; In getting Fig. 6-31, a backward handover scheme has been
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applied. Comparison between backward and forward handover schemes is shown in Fig. 6-33.
Fig. 6-34 gives the call dropping probability for satellite to GSM handover.
From Fig. 6-31. the PD Cr) is dependant on the selected value of MT-BS distance threshold
dmax' The highest PD (x) is produced by a signal level based handover in which d
max
~ 00 •
For a signal level and distance based handover, PD (x) can be decreased by selecting a smaller
dmax '
The call dropping probability in a GSM to satellite handover is dependant on the selected
connection establishing scheme and distance threshold in the handover initiation. With a
backward handover scheme, the PD (x) is sensitive to the selected value of distance threshold
d max ' this has been shown in Fig. 6-32. A larger d max produces higher PD(x). From the
previous discussion. a larger d max corresponds to delayed handover, therefore the delayed
handover results in increased call dropping probability.
Moreover. PD (x) is also sensitive to the connection establishing scheme. A forward handover
scheme achieves lower call dropping probability, even though MT-BS distance information is
not available during the handover initiation phase, this can be seen from Fig. 6-33. With a
forward handover scheme, the value of PD (x) is dependant on the number of satellite visible
from the MT. If more than one satellite is available during the handover, PD(x) can be
reduced further. For ICO-10 satellite constellation, curve-3 and 4 can be applied. However,
from previous discussion, to reduce unnecessary handover probability, a backward handover
is preferred. This means that a reduced Pu(x) has to be achieved at the cost of increased
PD(x). However, compare Fig. 6-33 with Fig. 6-31, the PD(x) in a GSM to satellite handover
is comparable to the PD(x) during a GSM handover (4.5x10-4 vs. 2.9x10-4 ) if the same
distance threshold is applied, this probability is still acceptable.
Finally, PD(x) for satellite to GSM handover is calculated from (6-51) and results are given in
Fig. 6-34. In the graph, the first curve is a signal level based handover, the second one is based
on signal level and MT-BS position. Since (6-51) only considers the probability of forced
termination on satellite link, and since a signal level and position based handover moves the
average handover position closer to GSM BS (from Fig. 6-22 and Fig. 6-23, for H=2dB), a
signal level and position based handover results in increased PD(x). Meanwhile, the PD(x) in
this handover direction is 2-3 orders lower compared with handover in the other direction, it is
considered that this increased PD (x) will not influence system performance significantly.
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Finally, through above performance analysis, several conclusions can be made. (1) The GSM
to satellite handover has a better handover position than the satellite to GSM handover. But
the handover positions for both of these handovers are less accurate compared with the GSM
inter-cell handover. (2) By introducing MT positioning technique into handover, the handover
position can be greatly improved. This improved handover position will reduce the
unnecessary handover probability in both handover directions, so that the Pu(x) of inter-
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network handover can be comparable with GSM one. At the same time, the call dropping
probability will not be increased too much. (3) Compared with a forward handover, a
backward GSM to satellite handover achieves more accurate handover position, lower
unnecessary handover probability. Even though these improved performances are achieved at
the cost of increased PD Cr), but this PD Cr) is still comparable to that of GSM handover.
Therefore the backward handover achieves improved overall performances.
6.6 Simulation results
In order to validate the proposed analytical model, simulation is performed for different
handover types. From section 5.2 to 5.5, numerical analysis for each of the considered
performance is mainly dependant on Ph! (x): the probability that a handover condition is
satisfied on position x. Therefore, the main objective of the simulation is to validate the
handover initiation conditions Ph! (x) .
To simulate the log-normal distributed shadowing with specified correlation on both the GSM
and the satellite radio links, methodology introduced in [35] has been applied. On the
terrestrial radio link, a sub-urban environment has been assumed. With 30km/hr mobile
velocity and 0.5s sampling interval, the shadowing correlation measured at 4.17m (sampling
distance) is assumed to be 0.9 as reported in [35]. This corresponds to around 450m
correlation distance over which the correlation falls to e -1 . On the satellite radio link, with the
same mobile velocity and 1 second sampling interval, the shadowing correlation measured at
8.3m sampling distance is assumed to be around 0.75, in coherence with the results reported
in [64]. Based on the same definition, the correlation distance is around 20m.
With 30kmlh mobile velocity and 0.5s sampling interval, in the range from 15km to 45km
MT-BS distance, the total number of samples measured by the mobile will be 7200 on the
GSM radio link, 3600 on the satellite radio link. A sliding window with a window length 32 is
applied so that the averaged signal level is used for handover initiation. In theory, handover
decision should be made for each of the sampling position. To shorten the simulation time,
simulation is performed once for every 10 sampling positions. Therefore the total number of
simulated position is 720.
Simulation results for GSM handover and GSM to satellite handover are given in Fig. 6-35
and Fig. 6-36 respectively. Analytical results are also given in the same graphs for
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comparison. Both of the two curves in Fig. 6-35 represent the signal level and distance based
GSM handover. From Fig. 6-35, the simulation results fit very well with the analytical results
for each of the considered case: handover is either initiated too early (H=2dB) or initiated too
late (H= 14dB). Therefore, numerical analysis for P,!! (x) should be applicable for the whole
range of the considered handover margin. GSM to satellite handover results are shown in Fig.
6-36 with moderate handover margin (H=6dB). In this graph, curve-l is a signal level and
distance based handover, curve-2 is a signal level based handover. Again, numerical results of
p,(t (x) has shown very good accuracy.
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As a conclusion, with the assistance of MT position or MT-BS distance, the proposed inter-
network handover initiation scheme achieves much better performances compared with signal
level based handover. It has accurate handover position, satisfactory call dropping probability
and moderate unnecessary handover rate. Obviously, the positioning assisted satellite to GSM
handover scheme is only effective for cells with large radius (over 15-20km), since
positioning accuracy can not be very high. However, it is considered that this is the most
frequently used cell size where inter-network handover takes place very often. In fact, the
inter-network handover generally takes place in sub-urban or rural area, cell coverage in these
areas are generally large.
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Chapter 7
Inter-Network Handover Execution
The inter-network handover execution procedure will be developed and their performances
will be analysed in this chapter. In performing these tasks, results from chapter 3, 4 and 5 have
to be taken into account.
From chapter 3. to define a handover execution procedure, several factors have to be decided:
handover controlling scheme, connection establishing scheme and connection transference
scheme. Two possible schemes have been identified for GSM to satellite handover: mobile
assisted backward handover, or mobile controlled forward handover. The optimised scheme
will be selected in this chapter. For satellite to GSM handover direction, the only possible
scheme is mobile assisted backward handover. MT's position information can be used in this
direction.
The system architecture addressed in chapter 4 also has impact on the handover procedure.
From chapter 4, two system architectures have been identified being able to support inter-
network handover: MSC level integration with GSM network takes the master position, BSS
level integration with GSM network takes the master position. Again, optimised architecture
will be identified in here through performance analysis.
In addition, information provided from chapter 5 and 6 are also applied in the development of
handover signalling procedure, including handover initiation criteria and positioning
determination procedure.
7.1 Performances in the handover execution
In this chapter, performances concerned are handover execution time, duration of handover
interruption and modifications on GSM network. These performances are investigated under
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various GSM-satellite integration levels, handover control schemes and connection
establishment schemes.
• Handover time
The handover time is defined to be the duration from the instant the signal quality or signal
leve I on the current link is lower than a certain threshold, until a new channel has been
established with the target base station or in the target spotbeam. The handover time IS
composed of several parts: handover initiation time and handover execution time.
Handover initiation time: The handover initiation time is defined to be the duration from
radio link signal level falls below a pre-defined threshold until a handover is initiated by the
handover control entity (MT for MCRO and NARO, network for MARO and NCRO). The
handover initiation time is dependant on the selected handover initiation criterion and MT's
velocity. but it is independent on the selection of handover controlling scheme and connection
establishment scheme. The handover initiation time is closely related to handover initiation
position. A longer handover initiation time means the handover position is beyond the
optimised position by a longer distance. Therefore discussion about handover initiation time is
equivalent to the discussion of handover position which has been analysed in the previous
chapter. For this reason, numerical results of handover initiation time will not be discussed in
this chapter.
Handover execution time: The handover execution time is defined to be the duration from
the instant a handover has been detected to be necessary, until a new channel has been
established on the target link. It comes from the signalling exchange during a handover
process. Handover parameters like service type and user profile need to be passed to the target
base station. At the same time, traffic channel is established on terrestrial link. As addressed
before two directions in the inter-network handover have been identified: handover from,
GSM cell to satellite spotbeam and handover from satellite spotbeam to GSM cell. Because of
their different features, performance objectives in the signalling protocol design are also
different.
For a GSM to satellite handover, signalling protocol should be designed so that the target link
can be established very fast. This handover is generally triggered because the MT leaves GSM
coverage but is still under the satellite one. If the handover execution time is too long, most
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probably signal level received from GSM link by the MT has fallen below the minimum
required value before a new link is available on the satellite network. On the other hand,
requirement for satellite to GSM handover execution time is not very high since the reason to
trigger this handover is to obtain better call quality and to make use of the GSM channels to
the maximum extent.
• Duration of handover interruption
The duration of interruption during handover comes from several factors. The first one is the
relative delay different between original link and target link. The second one is the signalling
transmission. The last one is handover synchronisation.
Relative delay difference: During a handover, the MT switches from the original link to the
target link. If the propagation delay on these two links are different, the call is interrupted for a
certain duration. Compared with GSM handover, this problem is especially serious for inter-
network handover and inter-satellite handover. In general, the higher of the satellite altitude,
the longer of the interruption.
Signalling transmission: As addressed before, the signalling has to be exchanged between the
MT and the network during a handover process. In GSM, the signalling is transmitted through
the fast associated channel (FACCH) which has the same frequency and timeslot number as
the voice traffic. If the same scheme is adopted for inter-network handover or handover in the
satellite network, similar interruption is produced. The duration of this interruption IS
dependant on the transmitted message length, bit rate on the radio link and frame structure.
Handover synchronisation: With a TDMA access scheme, synchronisation between a MT and
its serving BS (or LES) is always required throughout the call. When the MT switches to the
target link, re-synchronisation to this new connection has to be performed and this process
produces additional interruption. It has been foreseen that this problem exists in each types of
handover (the only exception is inter-beam handover). For inter-network handover, the
synchronisation interruption has to be longer than GSM handover because of the longer
propagation delay.
• Modifications on GSM network
Another consideration for inter-network handover IS GSM network modifications. As
addressed before, the signalling interfaces in a GSM-satellite integrated mobile
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communication system fall into three categories, i.e., GSM network internal signalling
interfaces. satellite network internal signalling interfaces and inter-network signalling
interfaces. The satellite internal interfaces can be similar to GSM ones or totally different
from GSM ones. Their design has no impact on GSM network. Different situation exists for
inter-network signalling. These interfaces connect both satellite and GSM network entities. If
the message format and signalling procedure are not compatible with GSM requirement,
modifications on GSM network entities have to be performed. In addition, for inter-network
handover purpose, modifications on GSM internal signalling interfaces should be made as
little as possible. Thus. another objective in designing the inter-network handover is to
minimise GSM network modifications.
7.2 Handover execution signalling procedures
Various handover signalling procedures are introduced In this section. The handover
signalling procedure will be influenced by a number of factors. The first factor is handover
connection establishing scheme. Impacts from this factor has been introduced in chapter 3.
From chapter 3, both B-HO and F-HO connection establishing schemes can be applicable to
GSM to satellite handover direction, but only B-HO is applicable to satellite to GSM
handover direction. Another factor to have impact on handover execution is handover
connection transference scheme. An asynchronous diversity scheme has been proposed in
chapter 3 for inter-network handover in order to reduce the handover break duration. In the
following, this asynchronous diversity scheme will be applied for performance analysis of
handover execution. The last factor to have influence on the handover execution is GSM-
satellite integration level. Two integration scenarios have been applied to this chapter, they
have been defined in chapter 4 based on service requirement consideration. Their system
architectures have been shown in Fig. 4-11 and Fig. 4-12, with the first one being an MSC
level integration and the second one a BSS level integration. Finally, it should be mentioned
that the handover controlling scheme has no influence to the procedure of handover execution.
7.2.1 Applicable handover procedure in GSM-satellite integrated system
Based on conclusions made from chapter 3, if different integration levels (MSC level
integration and BSS level integration) are also taken into account, in a GSM-satellite
integrated system, applicable handover signalling procedure can be classified as
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Signalling flows for various handover procedures are described in the following parts.
Applicable signalling procedures for GSM to satellite handover are shown in Fig. 7-3 to Fig.
7-6. Applicable signalling procedures for satellite to GSM handover are shown in Fig. 7-7 and
Fig. 7-8.
7.2.1.1 GSM to satellite backward handover
GSM to satellite backward handover signalling flows under different integration levels are
shown in Fig. 7-3 and Fig. 7-4. To explain the handover procedure with a backward handover
protocol, MSC level integration shown in Fig. 7-3 is taken as reference. With a backward
handover protocol, handover procedure is similar to a GSM one [6], but with some
modifications.
Handover measurement process
With a MARO scheme, signal level IS measured by both network and MT. Under the
instruction from the serving BS, the MT makes measurement on both current GSM link and
surrounding links. Different from GSM measurement process, the surrounding channels
monitored by the MT not only include the BCCR channels transmitted from the surrounding
GSM BSs, but also include BCCR channels transmitted from each spotbeam currently
illuminating the MT. For this reason, "Surrounding cell BCCR carrier allocation list"
transmitted from the serving BS should also includes BCCR carriers transmitted by the
satellite network. This task requires high level corporation between GSM and satellite
network. In addition, modifications on GSM radio interface is required. Under the instruction
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from GS~1 BS, the MT measures surrounding GSM cell and satellite beam signal level, and
reports thi ~ results to BSS periodically.
To make sure the measured signal is the wanted one (not from a co-channel BS or beam),
decoding to surrounding cell or beam broadcasting channel is also required, so that the
surrounding cell BSIC, satellite identity and beam identity can be passed to the network with
the measurement results. In GSM, the BSIC cornes from the decoding of surrounding cell's
CH. The de igning of GSM frame structure has guaranteed that this decoding work can be
performed once eery _60 frames duration (1.2 second). This is done during the MT's idle
frame (once eery 26 frames), so that decoding is always possible during a call without using
a duplexer. Thi proce is shown in the following graph.
Uplink
No. 24--.....~1---- No. 25--~~1---- Idle
1. MT receives and measures signal on serving cell
3. MT measures signal for one surrounding cell
2. MT transmit
4. MT decodes BSIC on SCH for one surrounding cell
Fig. 7-2 MT activity during a call
The decoding of satellite channel has a very different situation. In the ICO-IO system, a
common signalling channel (CCS) is provided in the forward direction for each spotbeam.
Included in this CCS are BCCH, SCH and FCH, they are multiplexed into the same carrier
and the BCCH and the SCH share the same time slot. During the handover, to get the satellite
and spotbeam identity, BCCH channel has to be decoded by the MT periodically. As was
introduced in chapter 2, the time slot duration in the ICO-l 0 system is 6.67ms, longer than the
GSM frame duration (4.615ms). To correctly decode the satellite BCCH information without
interrupting the conversation, the MT has to have an independent receiver working on satellite
radio channel.
Handover decision process
With a MAHO scheme, a handover decision is always made by the network. Based on GSM
to satellite handover initiation criterion described in previous chapter, a handover decision is
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made by the GSM BSS, and "HO required" signalling message is passed to GSM MSC.
Included in this message are preferred cell identifier list, current and surrounding radio
environment. To handover to satellite, one or two satellite spotbeams should appear on the top
of the preferred ce11 list.
Handover execution process
Based on the information included in the "Handover required" message, the first task for the
serving GSM MSC is to find out the most appropriate LES (MSSC) being able to provide
service for that selected satellite and spotbeam, since a number of LESs can be under the same
satellite coverage. In the ICO-l 0 satellite system, the relationship between a spotbeam and an
LES is dynamically allocated based on satellite constellation, location of each LES and the
LES real time traffic condition. This allocation is performed by a nominated master LES (M-
LES). Because of the satellite motion, the responsibility of the nominated M-LES is also
passed from one LES to another. As a result, in order for the serving GSM MSC to find out
the most appropriate target LES, the following solution is proposed.
(1) In each satellite spotbeam BCCH, both satellite/spotbeam identity and master LES identity
(MLD should be included (the MLI is not included in the current ICO-I0 system design).
Having decoded the BCCH, the MT passes this information to its serving GSM BSS together
with measurement report. This MLI is also passed from BSS to serving MSC through the
"Handover required" message.
(2) Having received the MLI, the MSC naturally knows the address of the M-LES. The MSC
submit the M-LES with the preferred satellite and spotbeam identity, then the M-LES should
be able to pass the address of the target LESIMSSC. In Fig. 7-2, this is performed by
signalling message "Target LES enquiry" and "Target LES ack" exchanged between MSC and
M-LES.
(3) The following procedures will be similar to GSM handover shown in Fig. 3-13.
Handover access process
According to GSM procedure, the handover access has to be performed through FACCH. One
performance objective in the system design is to make sure the handover access burst will
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arrive in the BS in the allocated time slot and will not overlap with any other neighbouring
channels. In GSM network, maximum distance from a MT to its serving BS is only 35km.
Therefore the absolute MT-BS transmission delay and delay variation is small. Thus it is
always guaranteed that the transmitted burst will not overlap with any other user even though
TA knowledge is not available at the handover access stage. Different situation exists in the
GS~l to satellite handover. In the ICO-l 0 satellite radio link, transmission delay from the MT
to LES is much longer than the time slot duration (maximum one way propagation delay is
90ms. time slot duration is 6.67ms). If the MT transmit the access burst according to received
timing reference. most probably this burst will overlap with other time slot in LES. Moreover,
even though transmission delay can be pre-compensated by the LES (with respect to the
spotbeam centre). the maximum delay variation also exceeds the time slot duration because
the MT can be anywhere within the spotbeam.
One solution to this problem is to allocate a dedicated carrier for handover access in each
satellite spotbeam. To synchronise with the target satellite link, each MT transmit its access
burst through this carrier and TA can be obtained from the LES afterwards. There are two
disadvantages for this solution. One, the handover access process takes additional satellite
traffic resource. Two, if the handover request rate is high, the probability of collision between
two MTs is also high. Obviously, this increased collision will produce increased handover
execution time.
To follow the GSM handover procedure, another solution is to allocate the MT with a TA
based on the MT's position knowledge [42]. We assume the MT's position can be provided to
the satellite LES by the GSM MSC through "perform handover" and "handover request"
signalling message. With this positioning information, TA is calculated by satellite LES and is
passed to the MT through MSSC, MSC and finally BSS. The signalling messages carrying the
TA information are "handover request ack.", "radio channel ack." and "HO command". Using
this TA, handover access on the satellite radio link can be performed and overlap with other
time slot can be avoided.
To obtain the MT's position, the simplest way is to use the serving GSM BS' s location as an
approximation of the active MT's location since the radius of a GSM cell is less than 35km. It
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has been proved in [42] that 35kln positioning uncertainty is more than enough to access the
satellite channel (with 6.67n1s slot duration) anywhere within a satellite coverage.
As a conclu ion , to perform GSM to satellite backward handover, additional functionality are
required for both GSM network and dual-mode MT. (1) Satellite spotbeam BCCR carriers
have to be included in the "surrounding ce ll BCCH list", so that the MT can make
measurement based in this instruction. (2) Satellite signal measurement samples, satellite and
spotbeam identities have to be included in the "measurement report" signalling message, so
that the GSM network can make handover decision based on these knowledge. (3) To decode
potbeam BCCR channel , the MT has to be equipped with two independent receivers, one
working on GSM frequency band, the other working on satellite freq uency band. (4) To obtain
the address of target LES, the M -LES has to be interrogated. Because the M-LES is changing
with time e olution, its address has to be broadcast through the satellite radio link.
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Fig. 7-3 GSM-satellite backward handover signalling flow (with MSC level integration)
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Fig. 7-4 GS I-satellite backward handover signalling flow (with BSS level integration)
7.2.1.2 GSM to satellite forward handover
GSM to satellite forward handover signalling flow under various integration levels have been
how n in Fig. 7-5 and Fig. 7-6. Detailed handover procedure is addressed below and MSC
level integrati on has been taken as reference.
With a forward handover protocol , handover decision is always made by the MT. Two options
exist for current link measurement scheme. The first one is a network assisted handover
( AHO), the second one is a mobile controlled handover (MCHO). With a NAHO scheme,
current link measurement report is passed from network to MT periodically during the call, so
that handover deci sion can be made by the MT based on both uplink and downlink signal
level or quality measurement. Unfortunately, the GSM network does not support the NAHO,
implementation of this handover scheme requires substantial modifications on GSM network.
For this reason , the NAHO is not suggested. As a result, only the MCHO handover scheme is
applicable to GSM-satellite forward handover.
With a MCHO scheme, handover deci sion is purely made by the MT and it is based on
downlink measurement only. Handover initiation criterion can be the same as that described in
chapter 5. This forward handover scheme is described below.
V if ¥f /~hY' r es anti !'4etwtj~k ntcqratlor between
j • 0 :"af~H t~ M oile Cornmun ca ion Systems
134
Handover measurement process
During a GSM call, the MT still performs procedures required by GSM network. It monitors
both current link and surrounding links according to the "surrounding cell BCCH allocation
list" transmitted from the serving BS. Again, satellite spotbeam BCCH carriers should be
included in the list. Similar to the backward handover, this also requires high level corporation
between the two integrated networks. Modifications on GSM radio link (downlink) is also
needed. Different from a backward handover, "measurement report" transmitted from the MT
follows the same format as GSM one and it does not include measurement results relating to
any satellite spotbeam BCCH channel. Working in this way, a GSM handover is still
determined by GSM network but a GSM to satellite handover is determined by the MT. The
measurement on both radio links during a GSM call means the MT should have two receivers
working simultaneously.
Handover decision process
Based on pre-defined handover initiation criterion implemented on the MT, if the MT found a
handover to satellite is needed before the GSM network initiate a inter-GSM cell handover, a
handover to satellite is initiated by the MT.
Handover execution process
The handover execution during a forward handover follows the procedures described below.
(1) The MT performs random access via the satellite from which the highest signal level is
received. Then it listens to the AGCH for traffic channel allocation. The random access uses
either the RACH (shared with call set-up) or a dedicated handover access channel.
(2) The random access will be received by a number of LESs which have access in that
spotbeam. The optimised LES will be selected at the satellite network based on satellite
constellation and instantaneous LES traffic load. A traffic channel (frequency and timeslot)
will be allocated by that selected LES and these information is passed to the mobile by "TCH
allocation" through AGCH. After the user related data is pass the satellite network and SVLR
has been updated, a traffic link is established between MSSC and MSC. In this way, the GSM
network has no need to know the target LES address during the handover execution process.
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nC) The hando er access with a fo rwa rd handover procedure has to fo llow different procedure
from that of backward ha ndover. We ass ume both user positioning information and satellite
OIL tellation knowledge are not avai lable by the MT. To perform handover access, the access
bULt has to be transmitted through a random access channel. This access carrier can be either
~ hared b both handover and call set-up or dedicated to handover. As a group of users share
the arne acces channel, col iision between different users is not avoidable. Therefo re
handover synchronisation delay has been foreseen to be longer than that in backward
handover.
Finally. the follov ing conclu ions can be made for the forward handover scheme. (l) Similar
to backw ard handover, high degree corporation between the two integrated networks is als o
required in order for the GSM BS to inform the MT about its surrounding spotbeam BCCH
ch annel. (-) The downlink GSM radio interface needs to be modified to include satellite
information into " urrounding cell BCCH list". But uplink GS M radio interface almos t
remain the same. (3) In the handover execution phase, the target LES is selected by the
atellite network, instead of GSM network. Therefore interrogation to M-LES is not needed.
(4) Two disadvantages exist for the forward handover. The first one is the increased terminal
complexity, since the handover decision has to be made by the terminal. The second one is the
increased handover access duration. This can be seen from the following numerical analysis .
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Fig. 7-5 GSM-satellite forward handover signalling flow (with MSC level integration)
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Fig. 7-6 GSM-satellite forward handover signalling flow (with BSS level integration)
7.2.1.3 Handover from satellite to GSM
Because the GSM network does not support forward handover signalling protocol, a backward
handover signalling procedure has to be followed in order to perform a handover in this
direction. Handover signalling flows for various integration levels are shown in Fig. 7-7 and
Fig. 7-8. Again, to explain the detailed handover procedure, MSC level integration is taken as
reference.
Handover measurement process
The satellite to GSM handover procedure proposed in the thesis is a mobile assisted backward
handover , which means handover decision is made by LES and measurement results are
obtained from the MT through satellite radio link. In addition, MT positioning information is
used to improve the overall handover performance. Detailed procedures are given below.
(1) During a call through satellite radio link , the active MT's position will be estimated by the
LES based on algorithm to be introduced in chapter 7. The positioning estimation is based on
delay and Doppler shift measurements. Depending on the call duration, positioning accuracy
can be around 5 km.
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(2) The MT should perform radio link measurement according to the instruction received from
the LES and measurement results are reported to the LES periodically. If the MT is far away
from any PLMN coverage, the measurement is only performed for surrounding spotbeams.
Otherwise. if the LES finds the MT is close or within a given PLMN coverage, measurement
on GSM surrounding cells should be also performed. With the estimated MT's position, this
should not be a difficult task. Again, to inform the MT of GSM BCCH carriers during a call
through satellite link, high degree corporation between the two networks has to be required.
Handover decision process
The handover decision is made by the LES. Its handover initiation criterion has been
introduced in chapter 5. It has been demonstrated in chapter 5 that the handover initiation
position can be greatly improved if both signal level and MT's position can be used to start
the handover.
Handover execution process
The handover execution procedure follows the same procedure as GSM handover.
The MT positioning technique during a satellite to GSM handover plays an important role.
Firstly, MT position can be used by the LES to decide the MT's surrounding BSs, so that
GSM BCCH carriers can be included in its "BCCH allocation list". In GSM, BS naturally
knows the identities of its surrounding BSs, thus there is no problem to produce the "BCCH
allocation list". Inside this list, BSIC and BCCH frequency are used to specify different BSs.
In the uplink, measurement result for each surrounding link is associated with its BSIC and
BCCH frequency. In a GSM network, these parameters are enough for the serving BS to
determine the target BS, as the BSIC has the capability to identify a particular BS in the whole
country. Different situation exists in the integrated system. In such a system, cells which
belong to different countries may have the same BSIC and BCCH frequency, and they can be
under the same spotbeam coverage. So BSIC and BCCH number are not enough to identify
the location of the target BS and therefore the LES is not able to contact the target MSC. This
problem can be easily solved if the MT's position is available by the LES. In addition, the MT
position is also used in the handover initiation, so that the overall handover performances can
be improved. This has been introduced in the last chapter.
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7.3 Handover execution time estimation
The total handover time is defined to be the interval from the time the received signal level or
signal quality is below a pre-defined value until a new channel on the target link has been
established (represented by "HO complete" message received by network). Two components
are included in the total handover time: handover initiation time and handover execution time ,
each of them requires separate analysis. As has been addressed in section 7.1, with a fixed MT
velocity. the handover initiation time can be equivalently represented by handover initiation
position which has be analysed in the previous chapter, therefore in this section, only the
handover execution time is analysed and numerical results are given based on this analysis.
In general. the handover execution time is dependant on GSM-satellite integration level,
selected scheme of handover control and connection establishment. Included in the handover
execution time are radio link propagation delay, handover synchronisation delay,
signalling message transmission delay and signalling message processing delay in various
network entities. In the following, each part of the handover execution time is estimated under
various conditions mentioned above (integration level, handover control and connection
establishing schemes) and the total handover execution time is produced based on these
estimated values.
7.3.1 Radio link propagation delay in the integrated system Tprop
The handover radio link propagation delay Tp rop is dependant on the propagation distance
from the MT to the network entity (BS in GSM or LES in satellite network) and the number of
radio link signalling messages during the handover. For a given handover signalling
procedure, this delay is dependant on the satellite altitude and MT's position with respect to
the sub-satellite point. To simplify the performance estimation, only the worst case is
considered: MT and LES are both located on the border of the satellite coverage. Based on
various handover signalling procedures introduced in section 7.2, during the handover
process, the number of radio link signalling messages is dependant on the selected scheme of
handover control and connection establishment, but independent on GSM-satellite integration
level. Thus, for a given handover controlling scheme, radio link propagation delay is only
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evaluated in terms of various connection establishment schemes. In addition, different satellite
constellations are also taken into account.
Assuming t"g is the propagation delay on GSM radio link, tdol' is the propagation delay on
satellite radio link. From Fig. 7-3 and 7-4, with a backward handover signalling procedure,
propagation delay during a GSM to satellite handover execution can be given by
(7-1)
From Fig. 7-5 and 7-6, with a forward handover signalling procedure, propagation delay
during a GSM to satellite handover execution can be given by
(7-2)
From Fig. 7-7 and 7-8, with a backward handover signalling procedure, propagation delay
during a satellite to GSM handover execution can be given by
Tprop = tds + 3tdg (7-3)
Therefore. Tprop vanes In terms of different handover connection establishment schemes.
Based on (7-1), (7-2) and (7-3), the handover propagation delay is plotted in Fig. 7-9 against
various satellite altitude. Handover time presented by the first curve is a GSM to satellite
forward handover, the second curve is a GSM to satellite backward handover, the third one is
a satellite to GSM backward handover. By comparing these three curves, the handover
propagation time for a forward handover takes longer than that for a backward handover. The
shortest handover propagation time is achieved by a satellite to GSM handover with a
backward handover signalling protocol, since in this case most of the signalling is exchanged
through the GSM radio link. For the selected ICO-I0 satellite constellation, handover
propagation time is around 490 ms in a GSM to satellite forward handover, 295 ms in a GSM
to satellite backward handover and 100 ms in a satellite to GSM backward handover.
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Fig. 7-9 Handover propagation delay for various handover signalling procedures
Based on Fig. 7-9. typical values of handover propagation delay for various handover
signalling procedures are given in Table 7-1.
Table 7-1 Handover propagation delay
ICO-IO satellite constellation
Handover types Propagation delay
GSM to satellite handover Backward handover 295 ms
Forward handover 490ms
Satellite to GSM handover Backward handover lOOms
7.3.2 Handover synchronisation delay ~'ynch
For synchronisation purpose, an access burst is used for random access and is characterised by
a longer guard period to cater for burst transmission from a MT which does not know the
timing advance (TA) [15]. The handover access burst does not follow the general signalling
format and is not protected by any channel coding mechanism. If the first access burst is not
correctly received by the target BS (or LES), another attempt has to be made in the allocated
timeslot of the next frame. Obviously, the access delay is dependant on the radio link quality
and handover access data protection scheme, and it exists in both GSM-satellite handover and
satellite-GSM handover.
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7.3.2.1 GSM link synchronisation delay
We first consider the handover synchronisation time during a satellite to GSM handover.
Similar to GSM handover, the handover access during a satellite to GSM handover on the
main DCCR. The handover in GSM network follows two different procedures. In the first
case. the current cell and target cell are finely synchronised. After having switched to the
assigned channel, the MT sends four times the "handover access" message in four successive
frames on the main DCCR, and then waiting for network's response. In the second case, the
current cell and target cell are not synchronised. After having switched to the assigned
channel, the MT start repeating the "handover access" message in successive frames on the
main DCCR until it receives "physical information" message from the network. During a
satellite to GSM handover, the second procedure has to be followed as there is no
synchronisation relationship between satellite and GSM network.
The access burst used in the handover is the same as that during random access. It contains a
-+ l-bit synchronisation sequence, 36 information bits and respectively 7 and 3 bits at the
beginning and the end, as shown below.
Tail (7) Synch.sequence(41) Information (36) Tail (3)
There are 8 bits user data included in the information field. Based on [GSM 05.03], the 8
information bits are coded with a linear block code of parity check (6 bits). From [60], the 6
bits parity check has the capability of detecting 6 bits error or correcting 3 bits error out of the
8 information bits. During the handover access, it is used for error correction. On top of the
parity check, The 18 bits coded data (8 bits information + 6 bits parity check + 4 bits tail) are
encoded by conversational code with coding rate 1/2, forming the coded data of 36 bits.
For simplicity, we assume a hard-decision decoding algorithm [60]. Let Po be the radio link
BER, then from [60], the BER after channel decoding PI can be given by
dT(D,N)
PI <----1
dN N=I,D=~4Po(1-po)
00
T(D,N)= LadDdN!(d)
d=d Jree
(7-4)
in which a" is defined by
{
2(d-b)/2
d,=
( ')
d even
dodd (7-5)
With PI available. the packet error rate after parity correction P2 can be given by
(7-6)
If B is the bit rate on the access channel, td is one way propagation delay and tf is the radio
link frame duration. Then the synchronisation time is
00
~'ynCh = L P; (k + 1)(2td + tf + Lace / Bace)
k=O
(7-7)
Based on (7-7). the synchronisation delay is calculated and results is plotted against original
radio link bit error rate. This is shown in Fig. 7-10. From this graph, the handover
synchronisation delay during a satellite to GSM handover is very low. In the normal situation,
it is less than 5ms.
7.3.2.2 Satellite link synchronisation delay
From the previous discussion, there are two solutions for the handover access in this handover
direction. The first one is to access the target link through the traffic channel, provided the
serving BS location is available, the second solution is to use a common handover access
channel (or to share the same channel as RACH).
If the handover access is performed through a traffic channel, handover synchronisation delay
is caused by radio link propagation delay, packet transmission delay and radio link bit error
because of shadow and channel fading effect. Its delay calculation is similar to GSM handover
access. In the ICO-I0 system, an access burst has the following structure.
Tail (2) Synch.sequence(44) Information (72) Tail (2)
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The information field contains 12bits reference number, with (24,12) Golay code and repeated
bv .3 times. From [57], the encoding of the Golay code has the capability of correcting any
combination of three or fewer random errors in a block of 24bits. Therefore, P:- the
probability that one burst can not be correctly received, can be given by
(7-8)
The handover synchronisation time still can be calculated from (7-8). This result is shown in
Fig. 7-11. From this graph, the majority part of a GSM to satellite handover synchronisation
de lay comes from propagation and packet emission. Because of the powerful channel coding,
the delay increase caused by the poor link quality is very limited.
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On the other hand, if the access burst is transmitted through a common access channel,
possibility for this burst to have collision with other user always exists. If this happens, a
longer delay has to be expected on top of the delay caused by radio link BER. The random
access delay using a common RACH has been analysed in [61] in detail, results show that it
takes O.5-1.5s under a normal access load condition for ICO-I 0 system.
From above analysis, several conclusions can be made. (I) Even though the handover
synchronisation time is dependant on the radio link transmission quality, but because of the
powerful channel coding scheme, the delay increase caused by the poor link quality is small.
(2) As expected, since the handover access during a GSM to satellite handover is performed
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on the satellite radio link, the GSM to satellite handover has longer handover synchronisation
delay compared with a satellite to GSM one. (3) During a GSM to satellite handover, the
longest synchronisation delay is required by a forward handover signalling procedure. It takes
around one second more than that of a backward handover.
Assuming the BER is 10-2 on both GSM radio link and satellite radio link, typical values of
handover synchronisation delay are given in Table 7-2 for various handover types ..
Table 7-2 Handover synchronisation delay
ICO-I0 satellite constellation
Handover types Synchronisation delay
GSM to satellite handover Forward handover 1220ms
Backward handover 220ms
Satellite to GSM handover 4.7ms
7.3.3 Signalling transmission delay in the integrated system T;rans
The signalling transmission delay T;rans is dependant on the signalling message length and bit
rate on the transmission link. Two types of transmission links exist in the integrated system:
radio signalling transmission link and terrestrial signalling transmission link. On the terrestrial
signalling link, the transport mechanism has been assumed to be SS#7 for both GSM internal
links, satellite internal links and inter-network signalling links. On the radio link, signalling
transmission rate is variable for various logical channels. The signalling transmission rates for
different logical channels are found from [57]. Based on this, signalling transmission delay is
calculated for various signalling messages during the handover process, results are listed in
the following table together with the total signalling transmission delay. To calculate the
terrestrial SS#7 signalling message length, algorithm introduced in Appendix-5 has been
applied.
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Table 7-3 Signalling message transmission delay
messnce name inter- length bit rate trans. delay'--
face (Byte) GSM-Sat. Sat.-GSM GSM-Sat. Sat.-GSM
HO required A 89 64 kbit/s 64 kbit/s 11.13 ms 11.13 ms
HO cando enq. A 43 64 kbit/s 64 kbit/s 5.37 ms 5.37 ms
HO cando resp. A 82 64 kbit/s 64 kbit/s 10.25 ms 10.25 ms
perform HO E 92 64 kbit/s 64 kbit/s 11.50 ms 11.50 ms
HO request A 70 64 kbit/s 64 kbit/s 8.75 ms 8.75 ms
HO req. ack. A 85 64 kbit/s 64 kbit/s 10.63 ms 10.63 ms
alloc. HO num. B 45 64 kbit/s 64 kbit/s 5.63 ms 5.63 ms
send HO report B 63 64 kbit/s 64 kbit/s 7.87 ms 7.87 ms
radio chan. ack. E 80 64 kbit/s 64 kbit/s 10.00 ms 10.00 ms
lAM ISDN 58 64 kbit/s 64 kbit/s 7.25 ms 7.25 ms
ACM ISDN 16 64 kbit/s 64 kbit/s 2.00 ms 2.00 ms
HO command A 85 64 kbit/s 64 kbit/s 10.63 ms 10.63 ms
HOcommand FACCH 57 9200 bit/s 4800 bit/s 49.56 ms 95 ms
HO access FACCR 8 4800 bit/s 9200 bit/s 13.33 ms 6.96 ms
physical info. FACCH 3 4800 bit/s 9200 bit/s 5.00 ms 2.60 ms
HO complete FACCH 3 4800 bit/s 9200 bit/s 5.00 ms 2.60 ms
Total delay 392.84ms 1248.2ms
Finally, signalling transmission delays for inter-network handover are calculated based on
above table and results are given in the Table 7-4.
Table 7-4 Inter-network signalling transmission delay
147
Handover types Delay
Backward handover MSC level integration 385 ms
GSM to satellite BSS level integration 130 ms
handover Forward handover MSC level integration 502ms
BSS level integration 475 ms
Satellite to GSM Backward handover MSC level integration 208 ms
handover BSS level integration 164 ms
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7.3.4 Processing delay in the integrated system ~}roc
The processing delay in the integrated system refers to the delay in various network entities
like MSC (SMSC), HLR (SHLR), VLR (SVLR) and MT. This delay is expected to be
variable under various network signalling load conditions. An accurate estimation to this
delay is difficult since too many factors have impacts on the estimated results. To simplify the
processing delay estimation, technical performance objectives defined for the fixed
infrastructure of GSM PLMNs are used in which only the worst case is considered in the delay
estimation. It is assumed in this thesis that these performance design objectives are not only
applicable to GSM network entities, but also applicable to any other entities in the integrated
svstem.
The maximum processing delay in each network entity has to be defined in co-operating with
the reference traffic load condition. Several kinds of traffic load have been defined in GSM
specifications [40]. Definition of each reference load is given below.
Reference load on MSC: 0.7 Erlang average occupancy on all incoming circuits with 20 call
attemptslhour/incoming circuit.
Reference load on HLR: 0.4 transactions/subscriberlhour for call handling and 1.8
transactions/subscriberlhour for mobility management.
Reference load on VLR: 1.5 transactions/subscriber/hour for call handling and 8.5
transactions/subscriberlhour for mobility management.
Based on these reference load, the mean signalling processing delays adopted for various
network entities have been shown in the following table. Listed in this table are the mean
delay requirement defined for GSM network, we assume they are also applicable to the
integrated system. The table only selects those figures relating to inter-network handover
procedure. Detailed definition for each of them can be found in [40] and [43].
Table 7-5 Maximum processing delays for various network entities
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Delay definition Maximum values
user signalling acknowledgement delay 200ms
signalling transfer delay lOOms
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delay for retrieval information from VLR 500ms
MT response to layer 3 message 250ms
Based on above processing delay requirement, the total processing delay during a handover
can be estimated by accumulating the delay value for each signalling message in each
particular network entity. It should be mentioned that the inter-network signalling transfer
during handover adopts different approaches for different integration scenarios. For BSS level
integration. the inter-network signalling is passed through A-interface. For MSC level
integration. the inter-network signalling is passed through E-interface and ISDN-interface.
From [57]. it is compulsory for the A-interface to use dedicated link, no signalling transfer
point (STP) is involved. On the other hand, whether a dedicated link or public network is used
for the E-interface is optional. In the integration system, considering the long distance
between GSM MSC and satellite MSSC, it is more appropriate to establish the E-interface
through public network. Therefore, a number of STPs will be involved for each signalling
transfer on the E-interface and ISDN interface during an inter-network handover. Table 7-6 is
the accumulated signalling processing delay for various considered handover signalling
procedures. In the table, we assume the average number of STPs on the inter-network E-
interface or ISDN-interface is three. In the backward GSM to satellite handover, the time to
interrogate the M-LES is 200ms. The processing delay on GSM BSS or satellite LES is 50ms.
Table 7-6 Signalling processing delay during handover process
Handover types Processing delay
Backward handover MSC level integration 3250 ms
GSM to satellite BSS level integration 1050 ms
handover Forward handover MSC level integration 2150 ms
BSS level integration 600ms
Satellite to GSM Backward handover MSC level integration 3050 ms
handover BSS level integration 850ms
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From this table, in GSM to satellite handover direction, a forward handover at BSS integration
level has the lowest processing delay (600ms). In satellite to GSM handover direction, a
backward handover at BSS integration level has the lowest processing delay (850ms).
7.3.5 Total handover execution delay
Finally, the total handover execution time T:,XI'C can be produced by accumulating the four
components: handover radio link propagation delay Tprop ' handover synchronisation delay
T.'·.YTlCh • signalling transmission delay T;runs and signalling processing delay Tproc ' Therefore
T =T +T +T +Texec prop synch trans proc (7-7)
The total handover execution time is calculated from (7-7) and results are given in Table 7-7
for various considered satellite constellations and handover signalling procedures.
Table 7-7 The total inter-network handover execution time
ICO-I0 satellite constellation
Handover types Execution delay
Backward handover MSC level integration 4150 ms
GSM to satellite BSS level integration 1695 ms
handover Forward handover MSC level integration 4362 ms
BSS level integration 2785 ms
Satellite to GSM Backward handover MSC level integration 3363 ms
handover BSS level integration 1119 ms
From this table, several conclusions can be made. (1) In GSM to satellite handover direction, a
backward handover has a similar handover execution time to forward handover when the
system has an MSC level integration, but one second lower when the system has a BSS
integration level. (2) For various connection establishing schemes, an MSC level integration
requires much longer handover execution time (2 seconds more) compared with a BSS level
integration level. In the worst case (MSC level integration, from GSM to satellite), handover
execution time can be from over 4 seconds.
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7.4 Duration of handover interruption
For a TDMA based system, it has been foreseen that inter-network handover is very difficult
to be seamless. A handover interruption exists in both GSM to satellite handover and satellite
to GSM handover [44][45]. From chapter 3, if the handover is performed with asynchronous
diversity scheme, the handover interruption can be greatly reduced. In this case, the handover
interruption is composed of two parts. The first part comes from the propagation delay
difference between original link and target link; The second part comes from the radio link
signalling transmission. Otherwise, if the handover is performed with "break-before-make"
scheme. another part has to be included: handover synchronisation time. In the following, we
assume the handover is a "make-before-break" handover.
7.....1 Propagation delay difference
Because of the propagation delay difference, in the anchor MSC (or MSSC), there is a time
difference between the arrival of the first voice packet received from the new connection and
the arrival of the last voice packet received from the original connection. This time difference
either produces a voice break or produces the lost packets. During a handover from GSM to
satellite link, propagation delay in the target link is much longer compared with the original
link. When the call is switched to the target link, a short break has to be expected. During a
handover from satellite to GSM link, propagation delay in the target link is shorter compared
with the original link. The speech packets from the original and target links will be overlapped
by several packets. As a result, these packets have to be discarded. In the following, the
overlapped speech duration is also referred to as break duration.
As can be seen from the handover signalling flows introduced in section 7.2, the handover
break because of the propagation delay difference is dependant on the satellite constellation,
connection establishing scheme and handover direction. During a handover from GSM to
satellite, with a backward handover procedure (Fig. 7-3 and 7-4), three signalling messages
have to be passed through the satellite link before voice data can be transmitted through the
new link. With a forward handover procedure (Fig. 7-5 and 7-6), before the new connection
can be used for voice transmission, signalling message to be passed to satellite network is only
one. During a satellite to GSM handover (Fig. 7-7 and 7-8), three signalling messages are
passed through GSM radio link before the new connection can be used. Based on this, the
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time difference between the arrival of the first voice packet from the new connection and the
arrival of the last voice packet from the original connection can be calculated. To simplify the
discussion, only the worst case is considered: the MT is located on the border of satellite
footprint and it is close to the GSM BS. Fig. 7-12 gives the numerical result of this time
difference between the two received voice packets with respect to the satellite altitude,
considered satellite constellations are also specified in this graph. From this graph, for the
Se lected ICO-I0 constellation. the time difference is around 290 ms for a backward GSM to
satellite handover, 97 ms for a forward GSM to satellite handover, and 97 ms for a satellite to
GSM backward handover.
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7.4.2 Handover signalling transmission time
To perform a fast handover, signalling exchange between network and MT has to be
performed without changing carrier and timeslot number. In GSM network, the fast associated
channel (FACCH) is used which has the same frequency and timeslot number as the speech
channel. Obviously, if a handover takes place, call messages will be interrupted because of the
signalling exchange. If the same rule has been adopted in the satellite radio link, it has been
foreseen that handover interruption because of signalling transmission will be longer
compared with GSM one, since frame duration on satellite radio link is much longer than
GSM one. This problem will be addressed in detail in this part.
Traffic break on GSM radio link
First of all, the traffic transmission break produced on GSM radio link is analysed. To explain
the handover break produced by signalling transmission, both TCH and FACCH coding
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schemes should be addressed. In normal transmission, the voice signal is sampled with 8kHz/s
sampling rate. In every 20 ms duration, 160 samples are transmitted. These 160 samples are
digitised to 260 bits. After channel coding, a block of data having 456 bits is produced for
each 20 ms duration. The 456 bits is separated into 8 sub-blocks with each of them having 57
bits, 2 sub-blocks are transmitted in each frame duration (4.615 ms) and therefore 8 sub-
blocks can be sent out by four successive frames. As a result, the original 260 bits speech data
which represents 20 ms voice signal can be transmitted through a 20 ms duration
(-+X -+.6l5ms). This is shown in Fig. 7-13.
20 ms speech data
-l.ol Sms
D• 57 hits -=-='Fl
TCH
I.... 57hitS="F[J
TCH
Fig. 7-13 Traffic channel coding scheme in GSM network
The signalling transmission through FACCH follows a similar coding scheme. Before
transmission, the signalling control bits are separated into blocks, each block has 184 bits (23
bytes). After channel coding, 456 bits are produced. Again, these 465 bits are separated into 8
sub-blocks with each of them having 57 bits. To transmit these 8 sub-blocks, each sub-block
signalling data shares the same timeslot with a sub-block speech data, so that the 8 sub-blocks
signalling data have to be transmitted through 8 successive frames which takes around 37 ms
duration. This is shown in Fig. 7-14.
8 frames = 37 ms
4.615 ms
~D0.... ., I....57 bits 57 bits
FACCH TCH
8
Fig. 7-14 FACCH channel coding scheme in GSM network
From above analysis, every 23 bytes (or less than 23 bytes) of signalling data will produce
around 20 ms accumulated speech data loss. IT the signalling message is longer than 23 bytes,
longer speech data loss has to be expected. Based on this, the accumulated length of speech
data loss with respect to various length of the transmitted signalling message is given by Table
7-8.
Table 7-8 Accumulated speech data loss
Signalling message length Speech data loss
1 - 23 Bytes 20ms
24 - 46 Bytes 40ms
46 - 69 Bytes 60ms
...... ......
Traffic break on satellite radio link
To analyse the traffic transmission break on satellite radio link, both speech data and
signalling data coding schemes have to be taken into account. In the following analysis,
parameters listed in Table 2-2 have been applied.
Similar to GSM scheme, for normal voice transmission, speech data is coded in terms of
block. each block corresponds to 20 ms voice data. With 2.4kbits/s source coding rate, this 20
ms voice produces 48 bits data. Therefore, based on Table 2-2, in lCO-I0 system, each frame
(40 ms) can transmit 2 blocks voice data. Similarly, before signalling transmission on the
satellite radio link, we assume the signalling message is also separated into blocks with each
of them having 48 bits (6 bytes). Working in this way, every 6 bytes signalling message
transmitted through FACCH channel will cause 20 ms speech data loss, and this figure can be
applicable to both of the considered satellite systems. Finally, the accumulated length of
speech data loss with respect to the transmitted signalling message length is given in Table 7-
9.
Table 7-9 Accumulated speech data loss
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Length of transmitted signalling message lCO-I0
1 - 6 Bytes 20ms
7 - 12 Bytes 40ms
13 - 18 Bytes 60ms
19 - 24 Bytes 80ms
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25 - 30 Bytes 100 ms
31 - 36 Bytes 120 ms
37 - 42 Bytes 140 ms
43 - 48 Bytes 160 ms
49 - 54 Bytes 180 ms
55 - 60 Bytes 200ms
......
......
Base on signalling flows introduced in section 7.2, with a backward handover scheme,
signalling messages to be transmitted in FACCH are "HO command" (57 bytes), "Physical
information" (3 bytes) and "HO complete" (3 bytes). With a forward handover scheme,
signalling message to be transmitted in FACCH is "HO complete" (3 bytes). This assumes the
dual-mode terminal can transmit and receive simultaneously on GSM and satellite radio links.
Therefore, the accumulated handover break duration for various handover procedures can be
given in Table 7-10.
Table 7-10 Accumulated handover break duration because of signalling transmission
ICO-I0 satellite constellation
Handover types Propagation delay
GSM to satellite handover Backward handover lOOms
Forward handover 20ms
Satellite to GSM handover Backward handover 240ms
7.4.3 Total handover break duration
The total handover break duration is the aggregate of propagation delay difference and
FACCH signalling transmission time. Finally, the total handover break duration is given by
Table 7-11.
Table 7-11 Total handover break duration
ICO-I0 satellite constellation
Handover types Propagation delay
GSM to satellite handover Backward handover 390ms
Forward handover 117 ms
Satellite to GSM handover Backward handover 337 ms
From Table 7-11, the handover break duration is dependant on the satellite constellation,
handover direction (GSM to satellite or satellite to GSM), handover connection establishing
scheme (backward or forward handover). It is independent of the selection of system
integration level. In terms of minimising the handover break, a forward handover has a better
performance compared with a backward handover (for GSM to satellite handover). For
satellite to GSM handover, it has to suffer a long handover break.
Above discussion is based on the assumption that the dual-mode MT can simultaneously
transmit and receive on GSM and satellite links. If this is not the case, the handover break
produced by a forward handover is considered to be much longer than the backward handover,
since several signalling messages have to be exchanged with the satellite network before a
new connection can be established. During the period of signalling exchange with satellite
network, voice transmission on GSM radio link has to be temporally stopped so that the
hardware in the terminal (base band and IF band) can be dedicated to satellite signalling
transmission.
In addition, the discussion is also based the assumption that no great modifications on GSM
network have been performed. Because of this limitation, the designing of inter-network
handover procedure has to take the GSM network requirement into account. If the
modifications on GSM network can be allowed according to performance requirement of
inter-network handover, the handover break duration can be greatly reduced. For example,
based on GSM specifications, only one BS is in connection with a particular MT at any given
time. So that after the network informs a MT to switch its channel to another BS, all
communication activities have to be stopped between the MT and the original BS. This
produces the main reason of the long handover interruption. If the original BS can still handle
the call message during the process of establishing a new connection, handover break can be
greatly reduced. But this modification not only deals with the GSM BS, but also deals with
those existing single mode GSM terminal. Then the handover break is reduced at much higher
cost than the improved performance itself.
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7.5 Modifications on GSM network
To reduce implementation cost and complexity, in the GSM and satellite integrated system,
modifications on GSM network should be kept at minimum level [46][47]. In this section, the
required modifications are addressed for various inter-network handover procedures.
To integrate GSM network with satellite network, it has been foreseen that required
modifications on GSM network fall into two categories: hardware modification and software
modification. The software modification can be divided into two sub-categories further:
modifications on signalling logical relationships and modifications on the format of signalling
messages. Keeping in mind that the software can be modified easier than the hardware, and
the signalling message format can be modified easier than the logical relationship. This rule
can be used as one criterion for performance evaluation of inter-network handover.
The software modification refers to modification on GSM interface. The signalling interfaces
in the integrated system fall into three categories: GSM network internal interfaces, GSM-
satellite inter-network interfaces and satellite network internal interfaces. It has been foreseen
that the designing of satellite network internal interface has no impact on GSM network,
therefore the signalling interfaces concerned in this section are the first two types: GSM
internal and inter-network interfaces, the satellite network internal interfaces are not
discussed.
During an inter-network handover process, related GSM internal interfaces are A-interface, B-
interface and GSM radio interface, related inter-network interfaces are A' and E' -interfaces.
The required modifications are dependant on the selection of connection establishing scheme,
but independent on the GSM-satellite integration level. For the considered two integration
levels, the only one difference is that the E' -interface exists in the MSC level integration but
not in the BSS level integration. Therefore, one additional interface needs to be considered for
MSC level integration. Apart from this, other modifications are identical for both integration
levels. For this reason, the required modifications are discussed in terms of handover direction
and connection establishing scheme.
7.5.1 GSM to satellite backward handover
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The handover signalling procedures for the considered integration levels have been shown in
Fig. 7-2 and 7-3. From these graphs, signalling interfaces concerned during this handover are
GSM radio interface, A-interface and E' -interface.
GSM radio interface
Several signalling messages require modifications on the GSM radio interface. They are
detailed below.
BCCH allocation list
For inter-network handover purpose, the BCCR allocation list should include those satellite
BCCR frequency numbers whose beam are illuminating the serving cell.
measurement report
For inter-network handover purpose, the measurement report should include surrounding
spotbeam BCCR signal levels measured by the MT and their corresponding beam identities.
In addition, the address of currently used M-LES (received from satellite radio link by the
MT) should be reported to the BS periodically.
handover command
Since the handover access is performed through one of the satellite traffic channel, a Timing
Advance (TA) has to be included in the HO command message. The TA is calculated by the
satellite network based on satellite constellation and location of the MT's serving BS, and is
passed to the MT via GSM network.
A-interface
The signalling messages concerned during this handover are "Handover required" and
"Handover command". These modifications are detailed below.
handover required
In the standalone GSM network, included in this signalling message are preferred cell
identifier list, current radio link environment and surrounding cell radio link environment.
Each of these refers to a GSM BS. For inter-network handover purpose, both preferred cell
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identifier list and surrounding cell radio link environment should include BCCR carriers of
satellite spotbeams. In addition, the currently used M-LES address has to be included in the
message.
handover command
Modification on this signalling message is similar to the handover command on GSM radio
link.
E' -interface
The signalling messages on the E' -interface are perform handover and radio link ack.
perform handover
Two modifications have been identified. One is the target cell and BCCR identifier. For inter-
network handover, included should be the target satellite identifier, target spotbeam or its
BCCR identifier. In addition, the message needs to include the serving BS' s location (latitude
and longitude), so that the LES can calculate required timing advance based on this location
and satellite constellation knowledge.
radio channel ack.
A TA should be included in the message.
Others
Three other major modifications on the existing GSM network are also involved. (1) To
provide active dual-mode user with satellite spotbeam information, the GSM MSC has to
know real time satellite constellation information. A special link has to be established between
MSC and satellite network. (2) During a handover execution, the serving MSC has to submit
the satellite network with BS location information. Therefore the MSC has to know all the BS
location within its service area. (3) During handover execution, to acquire target LES address,
another link needs to be established between GSM MSC and M-LES.
7.5.2 GSM to satellite forward handover
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The forward GSM-satellite handover signalling flows have been given in Fig. 7-4 and 7-5 for
various integration levels.
GSM radio interface
On the GSM radio interface, required modifications are
BCCH allocation list
The way to modify this signalling message is the same as before.
measurement report
Since a handover to satellite spotbeam is never initiated by GSM network, measurement
results about spotbeam BCCH carriers are not included in the measurement report message.
Therefore the measurement report follows similar format as GSM one. But one additional flag
HO_S.-4T_START should be included to specify that a handover to satellite spotbeam is in
progress so that the GSM network will not initiate another handover (GSM handover) at the
same time. In case the handover attempt to satellite spotbeam has been failed, another flag
HO_SAT_FAILED should be passed to GSM network through the measurement report
message. This flag will recover the normal activity on GSM side.
Logical relationship
During a GSM handover, the original radio channel is released according to two steps. In step
1, after sending out the HO command message on the radio link from the serving BS, the
network disconnects the layer 3 connection with the MT. In step 2, layer 2 and layer 1 are
disconnected between the BS and the MT after receiving clear command message. In a
forward GSM to satellite handover, the HO command message is never produced, therefore
the network has to release all of these layers at the same time after receiving the clear
command message. During a call, if GSM network has received the flag HO_SAT_START
from the MT, the GSM network should be ready to make this change.
A-interface
This modification also belongs to the change of logical relationship. If a flag HO_SAT_START
has been received by GSM network, all handover related signalling on the A-interface should
l.ll~ ~. lUI I1flU A
be stopped since a handover attempt to satellite network has been started. This is to avoid the
GSM network to perform another handover between GSM cells. The handover related activity
in GSM network will not return to normal unless a HO_SAT_FAILED flag has been received
from the MT.
E'-interface
Similar to A-interface, modification on the E' -interface also belong to the change of logical
relationship. All handover related signalling will be deactivated by the reception of
HO_SAT_STARTand be activated by the reception of HO_SAT_FAILED.
Others
Several other modifications are also involved. (l) Similar to a backward handover, to provide
active dual-mode user with satellite spotbeam information, the GSM MSC has to know real
time satellite constellation information. A special link has to be established between MSC and
satellite network. (2) In the MSC, the time to switch from the original connection (connection
on the fixed link) to the new connection should be changed if a forward handover scheme is
applied. With a backward handover, as soon as the new connection between MSC and MSSC
has been established and a HO command is sent to BSS, the MSC can be switched to the new
connection since all radio link activities have been stopped at this stage. Different situation
exists in a forward handover. As can be seen from Fig. 7-4 and 5-5, the dual-mode MT will
not stop transmission on GSM radio link until a HO complete signalling message is received
by satellite network. Therefore, the switching time is suggested to be the time when the MSC
receives the signalling message send end signal from the E' -interface. Otherwise, some voice
messages will be lost because the GSM MSC switches its link too early and a much longer
handover break has to be expected.
7.5.3 Satellite to GSM backward handover signalling procedure
The satellite to GSM handover signalling flows have been shown In Fig. 7-6 and 7-7.
Concerned signalling interfaces are A-interface, E' -interface and GSM radio interface.
E'-interface
No substantial modifications are involved.
A-interface
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No substantial modifications are involved.
GSM Radio interface
No substantial modifications are involved.
As cone lusion, the GSM to satellite handover requires more modifications on the GSM
interfaces than the satellite to GSM handover. In addition, the forward handover requires more
modifications than the backward handover, since most of the modifications in the forward
handover are to modify the logical relationship, but modifications in the backward handover
are to modify the signalling message format.
7.6 Optimised inter-network handover scenario
Based on numerical analysis conducted in chapter 4 and this chapter, optimised inter-network
handover scenario is given in this section. From the analysis, the inter-network handover
performances are influenced by a large number of factors like satellite constellation, GSM-
satellite integration level, connection establishing scheme, handover controlling scheme and
parameters in the applied handover initiation criterion. Moreover, to evaluate a given inter-
network handover scenario, a number of parameters should be taken into account: handover
execution time, handover break duration, required modifications on GSM interfaces, handover
position, call dropping probability and probability of unnecessary handover. Obviously, it is
not possible for a given handover scenario to optimise all of these considered performances.
Therefore, some of the improved performances have to be achieved at the cost of losing some
other ones.
7.6.1 Handover from GSM to satellite
In selecting an optimised GSM to satellite handover scenario, decisions are to be made for the
following factors: GSM-satellite integration level, connection establishing scheme and
parameters in the applied handover initiation criterion. The handover controlling scheme will
follow the selection of connection establishing scheme, e.g., if a backward handover is
applied, then it is a MARO; Otherwise, if a forward handover scheme is applied, then it is a
MCRO. The reason has been addressed in section 2 of this chapter.
Handover execution time: From Table 7-9 of section 7.3, in terms of handover execution
time, a backward handover has a better performance than a forward handover. In addition, the
handover execution time is variable for different GSM-satellite integration levels. In general,
the handover execution time for a BSS level integration is only half of that for an MSC level
integration. Therefore, from the handover execution time point of view, a backward handover
connection establishing scheme and a BSS integration level are preferred.
Handover break duration: From Table 7-14 in section 7.4, the handover break duration is
dependant on the handover connection establishing scheme, but independent on GSM-satellite
integration level. The handover break duration in a forward handover is lower than that in a
backward handover. For the considered constellation, it is around 117 ms. Therefore, in terms
of handover break duration, a forward handover scheme is preferred.
Modifications on GSM interfaces: The required modifications on GSM interfaces have been
addressed in section 7.5. Firstly, required modifications on GSM interfaces are similar for
different integration levels. With a BSS level integration, modifications relate to GSM radio
interface. A-interface and A' -interface. With an MSC level integration, modifications relate to
GSM radio interface, A-interface and E' -interface. The required modifications due to different
connection establishing scheme are quite different. Secondly, the involved modifications for
the forward handover have more complexity than the backward handover. The backward
handover only requires signalling message format modifications, but the forward handover
requires logical relationship modifications. Therefore, in terms of the required signalling
interface modifications, a backward handover connection establishing scheme and a BSS
integration level are preferred.
Performances in the handover initiation: Performances in the handover initiation are
independent with the integration level, but is closely related to the connection establishing
scheme. From the discussion of the previous chapter, in the GSM to satellite handover
direction, a backward handover is preferred. It achieves more accurate handover position,
lower unnecessary handover probability, at the same time, comparable call dropping
probability to that of GSM handover.
Finally, Table 7-12 gives the outline of above discussions.
Table 7-12 Optimised GSM to satellite handover schemes
Performances\Optimised Connection establishing Preferred integration
'~i1~ndover Techniq;':;;s and Network Integration between
GSM find Satemte Mobile Communication Systems
selection level
HO execution time B-HO BSS level
HO break duration F-HO irrelevant
GSM modifications B-HO BSS level
HO initiation performances B-HO irrelevant
From this table. to optimise the overall performances during a GSM to satellite handover,
required handover connection establishing scheme is a backward handover scheme, handover
controlling scheme is a mobile assisted handover (MAHO). In addition, a BSS level GSM-
satellite integration is preferred.
7.6.2 Handover from satellite to GSM
During a satellite to GSM handover, the only option for handover connection establishing
scheme is backward handover. In the following, the optimised GSM-satellite integration level
is selected in terms of various handover performances.
Handover execution time: The total handover execution time is shown in Table 7-9 of section
7.3. From this table, to decrease the handover execution time, a BSS level GSM-satellite
integration is preferred.
Handover break duration: The handover break duration is irrelevant to the selection of GSM-
satellite integration level. This can be seen from Table 7-14 of section 7.4.
Modifications on GSM interfaces: During a satellite to GSM handover, very little
modifications are required for both BSS level and MSC level integration.
Performances during handover initiation: By applying MT position into handover initiation,
performances during the satellite to GSM backward handover can be comparable with those
of GSM handover. Therefore, the backward handover is proved to be an acceptable choice.
Finally, Table 7-13 gives the outline of above discussions.
Table 7-13 Optimised satellite to GSM handover schemes
Performances\Optimised selection
HO execution time
Preferred integration level
BSS level
Ha'~dove;Tech~ques and Network Integrati~nbetween
GSri~ and Satemte Mobi~eCommunication Systems
HO break duration irrelevant
GSM modifications BSS level
HO initiation performances irrelevant
From this table. to optimise the overall performances during the satellite to GSM handover,
required handover connection establishing scheme is backward handover scheme, handover
cCl11trolling scheme is a mobile assistant handover (MAHO). BSS level is the preferred GSM-
satellite integration level. In addition, MT's position knowledge should be applied in this
handover direction.
Chapter 8
Handovers within Satellite Network
The main topic of this chapter is to develop handover schemes for handovers within satellite
network. The MT in-call positioning technique addressed in chapter 5 will be applied in both
handover initiation and handover execution stages. Two handover types will be taken into
account: inter-beam handover and inter-satellite handover.
Several features have been identified for the handover in a mobile satellite system. First of all,
most of the handovers in a satellite system comes from the satellite motion. Because of the
spotbeam or satellite footprint high velocity with respect to the mobile user, the time allowing
the MT to perform the handover is limited. Thus the handover has to be performed very fast.
Secondly. compared with a terrestrial cellular system (like GSM), available bandwidth in each
channel is limited in the satellite system. To provide satisfactory call quality, the call traffic
has to make efficient use of the available bandwidth. This requires that the signalling load for
handover purpose during the call should be made as low as possible. Finally, during a
handover between different satellites, both delay and Doppler shift will suffer great changes
when a call switches from its original link to a new link. The magnitudes of these changes will
be much larger compared with those in a terrestrial handover. For this reason, a degradation of
service quality has to be expected during this handover. This is especially true for TDMA
based satellite systems like ICO-IO system, since this system are sensitive to delay and delay
change.
To improve handover performances In the satellite system, a mobile terminal positioning
assisted handover algorithm is proposed in this chapter. From analysis performed in chapter 5,
in a dynamic mobile satellite system, an active MT's position can be estimated from the LES
by measuring delay and Doppler shift parameters received from a single satellite. This
positioning information can be used to trigger a handover. To obtain the positioning
knowledge, no additional signalling is required. Through the analysis conducted in the
following sections, it is claimed that with the assistance of MT positioning information,
handover performance can be greatly improved compared with a signal level based handover
initiation algorithm.
Several aspects are analysed in this chapter:
• General descriptions for handovers in a satellite system, including system assumption,
handover classification, definition of handover phases and handover execution procedures.
• Mobile terminal positioning algorithm and provided positioning uncertainty.
• Positioning assisted handover initiation scheme.
8.1 Handover general description
8.1.1 Handover types
Two types of handovers are of special interests in this thesis: inter-beam handover (beam
handover) and inter-satellite handover (satellite handover). As a general rule, in a mobile
satellite system, the beam handover produces lower signalling load, shorter handover time and
less service degradation. The beam handover is mainly caused by the satellite motion,
therefore the MT's position information can be used for handover initiation. In the ICO-IO
satellite system, the time to cross from one beam edge to the other edge is typically lOmin; 5
min represents the mean value for the user starting the call at the mid-point of the beam and is
the mean time to the first beam handover. As a consequence, most of the calls will have a
single beam to beam handover. The inter-beam handover can be seamless to the user, which
means the user does not detect any degradation of the call due to beam handover.
Compared with the beam handover, the handover between satellites has more difficulty. It
produces longer handover interruption time, more service degradation and higher
implementation complexity. However, the ICO-IO satellite system differs from other mobile
satellite systems (like IRIDillM) in such a way that it provides the users with multiple satellite
visibility. The use of satellite path diversity not only improves the quality during a call, but
also improves the performances of satellite handover.
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The probability of multiple satellite visibility in the ICO-l 0 system has been shown in Fig. 5-
5. assuming the MT minimum elevation angle is 10 degree. From that graph, the ICO-I0
constellation can provide dual-satellite diversity for 80 percent of time over most of the earth
location. If the inter-satellite handover is always associated with satellite diversity, it is
foreseen that the handover performances can be greatly improved.
We assume at the initial call set-up, the LES select between single channel or dual channel
mode for the MT based on user location, visible satellite reported by the MT and traffic load
condition on the satellite. As a consequence, an active MT has three different states during a
call. State-I: MT is within single satellite coverage, one channel is used. State-2: The MT is
under more than one satellite coverage, but only one channel is used. This is the case when the
line-of-sight signal to one of the satellite is blocked during the call set-up stage, or capacity on
that satellite has been fully occupied. State-3: The MT is under more than one satellite
coverage, two channels are used. These three states have been shown in Fig. 8-1.
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Fig. 8-1 Three in-call user states
A handover can be either caused by the satellite motion or by the mobile user's motion.
Because of the satellite motion, the currently used spotbeam or satellite footprint will move
away from the user, this will either result in a beam handover or satellite handover, depending
on the mobile user's location within the satellite coverage. Because of the user's motion, one
of the line-of-sight signal to the currently used satellite can be blocked, a handover to another
satellite has to take place. Therefore the user's motion generally results in satellite handover
instead of beam handover. The current link blockage can be also caused by the satellite
motion. However, since the blocking obstacles are always close to the user, probability of this
type of blockage is very low.
Depending on the user's current state shown in Fig. 8-1, different handover procedures have
to be followed if the currently used link is blocked. This is shown in Fig. 8-2. For state-l ,
since the user only has one satellite in view, after a certain duration of blockage, the call is
forced to be terminated. In the ICO-I 0 system, this probability is very low since dual-satellite
diversity is available most of the time. For state-2, a new link has to be established in order to
maintain the call, provided the link to the other satellite is not blocked. For state-3, the LES
simply release the connection with the blocked satellite, the call can continue using the
remaining link without any interruption. However, in order to achieve comparable call quality
before and after the handover, it is preferable to establish another link with the third satellite
by performing a handover procedure (if there is the third one), so that the call still uses two
simultaneous links after the handover. Among the three states, state-2 has been foreseen to
have increased complexity and service degradation, since re-synchronisation is involved
during this handover process.
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Fig. 8-2 Three in-call user states under blockage
As a result, the handover types within the considered satellite system can be outlined by Table
8-1.
Table 8-1 Handover types within the satellite system
Channel mode Handover direction Reason for handover
Satellite Motion User Motion
Single channel mode Beam handover Type-l
Satellite handover Type-2 Type-5
Dual channel mode Beam handover Type-3
Satellite handover Type-4 Type-6
In this table, different types of handovers have to follow different signalling procedures, but
the handover initiation can be based on similar criteria. In general, the handovers in type-l to
type 4 are predictable from the network, a new channel can be prepared well before the
expected handover time, therefore the "make-before-break" handover scheme is feasible and
the handover can be seamless to the user. For handover type-6, even though the handover is
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not predictable, because dual-satellite diversity has been used during the call, the handover
still can be seamless. For handover type-5, a "break-before-make" handover scheme has to be
applied.
The main objective of this chapter is to propose a positioning assisted handover scheme which
is applicable to handover type-l to type-4.
8.1.2 Handover phase definition
Similar to inter-segment handover, two distinct phases can be identified during the handover
process: handover initiation phase and handover execution phase.
8.1.2.1 Handover initiation phase
This is the phase of monitoring and measuring the radio link parameters. Based on these
measurements, the system decides to which satellite/spot-beam the link should be established
with and at what time the handover should be initiated. In general, the handover may be
originated by any of the following causes: traffic management, user decision and radio link
measurement. However, the considered inter-beam handover requests and inter-satellite
handover requests are produced by the moving of the spot-beam or footprint on the earth. In
another words, the inter-beam and inter-satellite handover requests are originated by the radio
link reason.
One of the most critical aspect in the handover initiation stage is handover initiation criteria.
It has been identified that several criteria can be applicable for the handover in a satellite
system, e.g., the handover can be either initiated by signal level measurements, signal quality
measurements or MT's geographical location with respect to the satellite or spotbeam. As will
be seen from section 8.2, a combined handover initiation algorithm (positioning knowledge
and signal level measurement) achieves much better performances. Detailed analysis for
handover initiation will be given in 8.2.
8.1.2.2 Handover execution phase
This phase consists of the establishment of a new link with the target spot-beam or satellite,
and the release of the previous link. This procedure should be fully controlled by the LES. An
optimised signalling procedure should make the handover as quick as possible, at the same
time, it produces moderate signalling load. Compared with inter-network handover, the
signalling procedure for satellite network internal handover is much simpler.
8.1.3 Basic system assumptions
8.1.3.1 Space segment assumptions
The satellite constellation and system parameters applied into this chapter is ICO-IO satellite
system. In Chapter 2, necessary assumptions have been made to simplify the analysis. With
this satellite constellation. two parameters are considered to be important for performance
analysis in this chapter.
• duration for a MT staying in the overlapped coverage area produced by two spotbeams.
This is the time window in which beam handover can occur with no more than ~ dB
difference from the optimum point of equal beam gain (~ is assumed to be 0.5). The size
of overlapped area is dependant on the satellite motion, spotbeam size and spotbeam
layout. For the considered satellite system, the maximum distance is around 100 km which
corresponds to 54s duration.
• duration for a MT staying in the overlapped coverage area produced by two satellites. For
the considered satellite system, the maximum distance is around 500km which corresponds
to 270s duration.
The overlapped spotbeam and satellite coverage are shown in Fig. 8-3.
overlapped beamcoverage 100 km overlapped satellite coverage 500 km
Fig. 8-3 Spotbeam and satellite overlapped coverage
The satellites have been assumed to be transparent, spot-beam and satellite handovers will be
managed by the LES.
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8.1.3.2 Transmission assumptions
If the handover is to be based on signal level measurement, antenna's radiation pattern is an
important factor. During a call, signal level received by MT or LES will be variable because
of the MT's relative position with respect to its current spotbeam centre. Around the edge of
each beam, the antenna's radiation pattern is supposed to have a sharp deviation. The
decreased signal level will be one of the key factor to trigger a handover.
Fig. 8-4 shows an area (A I) overlapped by two adjacent spotbeam or satellite coverage. The
border of this area is determined by the minimum required signal level received by MT (Pmin)'
Outside this area, a call has to be disconnected because the signal level is too low. To simplify
the discussion, area A 1 has been divided into two different areas: A2 and A3. In area A2,
decaying rate of spotbeam antenna's radiation pattern is constant so that signal levels received
from both beams follow smooth path. If a handover takes place in A2, signal level difference
received by a MT before and after handover can be less than 0.5 dB. The handover can be
seamless to the user since the user can hardly detect any change of received signal level or
quality. In area A3, the signal level attenuation has been assumed to follow an exponential
relationship with respect to the position inside the overlapped area. If a handover takes place
in area A3, the call has to suffer a service quality degradation because signal level difference
before and after the handover is too large. It is assumed in this thesis that both A2 and A3 take
around 50% of AI. For inter-beam handover, the maximum length of Al is around IOOkm
which corresponds to 54s duration. Then the time window for a MT staying inside A2 is only
around 27s. For inter-satellite handover, the maximum length of Al is around 500km which
corresponds to 270s duration. Then the time window for a MT staying inside A2 is around
I35s. The main objective of an optimised handover initiation algorithm is to make the
handover position under control so that most of the handovers take place within the area A2.
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Fig 8-4 Overlapped area produced by two satellites
Based on above assumptions, if x represents a MT's position in the overlapped area, R) (x)
and R2 (x) are signal levels received from each beam, then
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(8-1)
where P, is the maxrmum received signal level inside the overlapped coverage, M IS
selected to be 0.5 dfi, () is a factor to determine the signal level decaying rate in area A3.
MT has an omni-directional antenna which radiates towards all spot-beams of all satellites in
visibility. On the contrary, each LES has several directional antennas that can track the same
number of visible satellites. Thus, the LES can simultaneously receive and demodulate signals
coming from different satellites. We assume the LES has detailed satellite constellation
knowledge, can measure the delay and Doppler shift of the link and can calculate the MT's
location with reasonable accuracy. Therefore handover procedures can be totally managed by
the LES.
8.1.4 Handover procedures within satellite network
For a handover between different spotbeams within the same satellite, it is characterised by
the following features. (1) A beam handover is purely caused by the satellite motion.
Therefore the available handover time is dependant on the satellite constellation, spotbeam
geographical layout and antenna's pattern. (2) During this handover, the two links are highly
correlated. Because the signal levels received from both beams follow the same path, if one
link is blocked, the other is blocked at the same time. For this reason, the beam handover can
not function as a means to overcome the long term blockage. In addition, it is not very
effective to trigger a beam handover by using the signal level measurement. (3) Since the two
links follow the same path, the signal will experience the same delay. No additional
synchronisation procedure is required during this handover process.
On the other hand, the handover between different satellite is characterised by some other
features. (1) Because of the wider overlapped coverage (over 500km), available time for
handover because of the satellite motion is relatively long compared with the beam handover.
(2) Because the two links follow completely different paths, the two links in the handover are
un-correlated. For this reason, the inter-satellite handover can be used to overcome long term
blockage. (3) Additional attention has to be paid for re-synchronisation during the handover
since the two paths have different delay.
In addition to above features, another feature is shared by both inter-beam and inter-satellite
handovers. Compared with terrestrial or inter-network handovers, the handover direction
within satellite network is more deterministic. Therefore unnecessary handover probability
will be verv low and will not be the major concern in the thesis.
8.1.4.1 Inter-beam handover procedure
The inter-beam handover proposed in the thesis is based on the knowledge of satellite
constellation and user location estimation at the LES. The concept is to use the location
knowledge to prepare the handover and set-up a new resource in the next beam. This proposed
handover procedure can be applicable to both handover type-l and handover type-3 shown in
Table 8-1. Its procedure is outlined as follows.
1. At the initial call set-up, either single channel mode or dual channel mode is selected by the
LES. During the call, the MT's position is estimated based on the algorithm to be
introduced in the next section.
2. When the active MT is close to cross-over point, the LES uses the SACCH to inform the
MT to start monitoring up to 2 next beams. The monitoring is done using the CCS. From
chapter 2, the 25 time slots multiframe guarantees that the BCeH will fall in the
compatible slots over 1s cycle.
3. A sliding window is applied to the measurement samples to decrease signal level's
fluctuation due to multipath effect. The number of averaged samples is selected to be 10 so
that the window length (lOs) is much lower than the time available for beam handover
(27s). The measurement results are passed to the LES via the return SACCH.
4. Based on the measurement report and MT location estimation, the LES makes the
handover decision. Because of the positioning uncertainty, the measurement results are
used to select one of the target beam from the possible two. The MT position is used to
decide the time of initiating the handover.
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5. At the time of handover, a TCH is allocated in the new spotbeam, and the MT is instructed
to switch to the new channel via the SACCH.
6. The MT switches to the new channel and acknowledges to the LES the successful reception
of the handover command via the SACCH of the new channel.
7. The LES receives the acknowledgement through the SACCH and release the old channel.
In the whole process, the only network entity involved on the satellite network is the LES.
The inter-beam handover procedure is shown in Fig. 8-5. It should be noticed that since all
handover related signalling messages are passed through the SACCH, there is no traffic
message being interrupted throughout the handover process. Therefore this handover can be
seamless to the user.
MT
call message (TCH, old channel)
handover command(SACCH, old cha nel)
measurement report (SACCH, old ch
measurement instruction (SACCH, 01
call message + handover confirmatio (TCH + SACCH, new channel)
Fig. 8-5 Inter-beam handover procedure
8.1.4.2 Inter-satellite handover procedure
A satellite handover can be either caused by satellite motion or by user's motion. The
handover procedure proposed below is only applicable to the one caused by the satellite
motion. Again, the mobile user's position knowledge has been used to prepare the handover
and to initiate the handover, since the handover time is more or less deterministic from the
network side. From table 8-1, two types of handovers are included within this category:
handover type-2 and handover type-4. Their procedures require separate analysis.
Handover type-2:
For handover type-2, a MT positioning assisted diversity handover scheme is proposed. This
diversity handover corresponds to a transition from single channel to two channel mode. The
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first channel will be released after the new satellite has been acquired. The procedure is
outlined as follow.
1. At the initial call set-up, the LES selects the single channel mode for the MT. During the
call. the MT's position is estimated based on the algorithm to be introduced in the next
section.
., Based on the estimated MT position, if an inter-satellite handover is taking place in the
near future, the LES instructs the MT to start monitoring the signal strengths received from
at least one other satellite via the SACCH. The monitoring is done through CCS channels.
In the forward direction, the LES informs the MT of the CCS frequencies via the SACCH.
In the return direction, the measurement results are passed back to the LES via the
SACCH. Based on CCS frame structure introduced in chapter 2, the measurement can be
performed once every second.
3. Based on those measurement results received from the MT, the LES estimates the satellite
visibility from the MT. Different from the beam handover, now the signal level
measurements are used to determine the most appropriate target satellite. Both signal level
and MT position are used to decide the time of handover initiation.
4. Based on the handover criteria, if a handover is required, a new channel is allocated on the
target satellite, and a handover command is passed to the MT via the SACCH. This
message contains all target channel related information: frequency number, time slot
number, frequency offset and timing offset. The frequency offset and timing offset are
calculated by the LES according to the MT position and satellite constellation. To
implement TDMA diversity, the burst timing has to be properly designed so that collision
can be avoided on both MT (between two bursts received/transmitted from/to different
satellites) and on satellite (between two neighbouring time slots). As this task has been
fully designed in [], the TDMA diversity burst timing scheme will not be the major concern
in the thesis.
5. The MT tunes its transceiver to the new channel, a handover confirmation message is
passed to the LES through the new TCH.
6. The call is in progress between the MT and the LES via the two satellites. Soon after the
LES has realised the target link is firm enough, a release command is passed to the MT via
the SACCH on the new channel.
7. The LES releases the old channel. The call is in progress through a single satellite.
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Signalling procedure during this handover is shown in Fig. 8-6.
MT
measurement comma
measurement report (
handover command (S
call message (TCH)
call message (TCH)
release command (SA CH)
call message (TCH)
Fig. 8-6 Inter-satellite handover (type-2)
Handover type-4:
This is the case when the MT has two channels allocated on different satellites during a call. If
one of the satellite footprint is moving away from the MT, connection to this satellite should
be replaced by another one to the third satellite. Therefore this diversity handover refers to the
transition from two channel mode to two channel mode. The main objective of this transition
is to provide comparable call quality before and after the handover. The proposed procedure
for handover type-4 is outlined below, assuming the currently used satellites are S-l and S-2,
the target satellite to be handed over is S-3.
1. At the initial call set-up, the LES selects the dual channel mode for the MT. During the
call, the MT's position is estimated based on the algorithm to be introduced in the next
section. Since the proposed positioning algorithm uses only single satellite (S-l), position
information acquired from another satellite (S-2) can be used to improve the overall
positioning accuracy.
2. If the satellite footprint of S-l is moving away from the MT, the MT in informed by the
LES to start monitoring at least another one satellite link (including S-3). The satellite links
to be monitored is informed by the LES via the forward SACCH, and the measurement
results are passed back to the LES via the return SACCH.
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J. Based on the handover initiation criteria to be introduced later, the time of initiating the
handover is estimated in the LES using signal level and MT position, and the optimised
target satellite S-3 is selected using the measurement results obtained from the MT.
4. If a handover is required, a new channel is allocated on S-3, and a handover command is
passed to the MT via the forward SACCH through S-2. Again, this message contains all
target channel related information: frequency number, time slot number, frequency offset
and timing offset.
5. Both MT and LES stop transmission on the link of S-l. The MT tunes its transceiver to the
new channel of S-J. a handover confirmation message is passed to the LES through the
new TCH.
6. A. release command is passed to the MT from the LES via the forward SACCH. The
satellite channel on S-l is released from the LES.
7. The call is in progress between the MT and the LES via the remaining two satellites (S-2
and S-3).
In the handover, there is a short duration during which three channels are all occupied, one
from each satellite. However, the call message only makes use of two simultaneous channels
at any given time. This is based on the fact that the ICO-IO frame structure has been optimised
to dual-satellite path diversity, three satellite diversity will be very difficult to handle. Again,
discussion to this problem belongs to the diversity burst timing scheme, which is out of the
concern of this thesis. Finally, the signalling procedure during this handover is shown in Fig.
8-7.
MT
call message (TCH)
call message (TCH)
call message (TCH)
call message (TCH)
Fig. 8-7 Inter-satellite handover (type-4)
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8.2 Positioning assistant handover initiation algorithm
8.2.1 Positioning assistant handover general description
In this section. a positioning assisted handover algorithm IS proposed and handover
performances are evaluated based on the previously proposed analytical model. The proposed
handover initiation algorithm can be applicable to both satellite handover and spotbeam
handover, but with different parameters designed for a particular handover type. In addition,
during a handover with satellite path diversity, the same initiation algorithm can be also
applied. Therefore, analytical results shown in this section are applicable to both single
channel mode and dual channel mode.
From the previous section, during a call through satellite link, by measuring transmission
delay and Doppler shift, the active MT's position can be calculated on the network side. If the
call lasts long enough, positioning uncertainty can be as small as 5 km. With the active MT's
position available, a handover can be started by the network. Handover delay can be greatly
reduced. In the analysis, it is assumed that the handover execution accrues instantaneously.
Fig. 8-8 gives an area overlapped by two spotbeams projected from two adjacent satellites.
Under the influence of free-space loss and shadowing effects, signal strengths received from
each satellite link are denoted by rl (x) and r2 (x), while R1(x) and R2 (x) represent the
received signal levels without shadowing effects. x is the MT's position in the overlapped area
and x E [0, L
max
]. Since the received signal level will be processed through a low pass filter
which is composed by averaging the measurement samples, the effects of Rayleigh and Rice
fading can be neglected. Throughout the analysis, assumptions introduced in Appendix-6 have
been used. These assumptions are mainly based on ICO-IO satellite system with some
modifications in order to simplify the calculation. However, the same algorithm is also
applicable to any other dynamic constellations.
A,
L
.1r(~+~x)
.,
x=o i.:
-
2
Lmax +Ax
2
Fig. 8-8 Overlapped area produced by two spotbeams
Another assumption is that handover in backward direction in the considered dynamic satellite
system does not exist. Different from a terrestrial mobile cellular system, in a dynamic
satellite constellation, the user moves at relatively slow pace with respect to the satellite
motion. which moves more than 1.6 kilometres per second, so the user appears static as the
spotbeam moves. The advantage, given this situation, is that the handovers required as a call
migrates from beam to beam are more deterministic. Because of the spacecraft's high velocity,
handovers are largely in one direction and the handovers are most probably in their forward
direction. Furthermore, a handover in backward direction means the active MT has to execute
three inter-satellite handovers (one in backward direction and two in forward direction).
Considering the limited duration for a user remaining inside the overlapped area (varies from
Os to 60s for the concerned constellation), in most cases there is no enough time to finish all
of these handovers since each handover needs significant delay. For this reason, handover in
backward direction is not considered in the following discussion.
Handover performances for different handover algorithms in the ICO-I0 system are
investigated in the following parts. For comparison purposes, first of all, a conventional signal
strength determined handover algorithm is analysed in 8.2.2. After that, two positioning
assistant handover algorithms are presented in 8.2.3. Concerned handover performances are
handover position and call termination probability. It is considered that the handover position
has a direct impact on the call performance. A pre-mature handover will most probably causes
a forced termination of a call because the target link is still weak. A delayed handover
generally results in poor call quality since the current link gets worse due to the satellite fast
motion. Ideal handover position should be on the middle of overlapped coverage area, e.g.
x = Lmax in Fig. 8-8. The forced termination probability is defined to be the probability for a
2
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connection being forced to be terminated for a given duration because received signal strength
is below a certain level, handover condition is not satisfied at the same time. The consequence
of this termination can be different for different channel mode during a call. For single
channel mode, the forced termination of the currently used connection means a dropped call.
For dual channel mode, the forced termination causes a transition from dual channel mode to
single channel mode. Since this transition always causes decreased call quality, its probability
should be kept as low as possible. However, without the support from handover in backward
direction, the forced termination is bound to happen if the target link is temporarily shadowed
and the next satellite is still not coming up. It is hoped that with an accurate handover
position, the call termination probability can be reduced to a satisfactory value.
To validate the proposed positioning assistant handover algorithm, its handover performances
are compared with that of signal level based handover algorithm. For this reason, signal level
based handover performances are investigated in the next part.
8.2.2 Signal level based handover
In order to initiate a handover, the exact time at which the current satellite passes an active
MT must be detected. For a mobile satellite system whose antenna has an attenuated radiation
pattern around the edge of each beam, measuring the received signal strength of the
communicating and adjacent spotbeam channels is one of the applicable solution. To avoid
inaccurate and frequent handover, averaging of measured values and a hysteresis margin
should be required. On the other handover, both averaging and the hysteresis margin can cause
significant handover initiation delay. In a dynamic satellite system, a seriously delayed
handover will cause forced termination of a call. In this part, performances of the signal level
based handover is investigated based on various averaging periods and hysteresis margins.
Assume Lir(x) is average received signal level difference between two satellite links and
rj (x) is the average received signal level for each link U=1,2). Then
Lir(x) = r2 (x) - r1(x) (8-2)
In reality, the signal levels rJ(x) and r2 (x) in (8-2) are measured from different channels. In
the currently used satellite, the signal level r1(x) is taken from the TCH channel. In the target
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satellite. the signal level r2 (x) is taken from the CCS channel. From chapter 2, in order to
reduce the FER of signalling transmission, the satellite EIRP of the CCS is always several dBs
higher compared with the TCH. To make a fare comparison between the two signals, r
2
(x)
has to be justified before applying into (8-2).
Based on [53]. the distribution of ~r(x) should be normal. We have: ~r(x) - N[P6r(X)'O'~r]'
J.1""r (x) and O'''''r are defined as
P ....r (x) =R2 (x) - R\ (x)
(8-3)
Where 0' is the standard deviation for lj (x). If the initial standard deviation on each link is
0' 0 • after an average over N samples, the relation between 0' and 0' 0 is shown below:
0'2 =Var{lj}= o'~ '[1+2.r(1-~).yn]
N n=\ N
E{ri(x)'lj(x+k)}=O'~ .y1kl
i=12, (8-4)
Y is correlation coefficient which determines the delaying rate of the correlation [53].
With above definition and with a handover hysteresis H, in position x, handover condition can
be given by
~r(x) > +H initiate a handover in forward direction
Given that the handover in backward direction is not taken into account, probability of force
termination condition can be given by
{~r(x)<H and r\(x)<Po} or {r2(x)<PO }
in which Po is the minimum required signal level for satisfactory communication.
Then, in position x, the handover probability PHO (x) can be given by (8-5) and the probability
of forced termination PD~ (x) can be given by (8-6).
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PHO(x) = p{~r(x) > H}. Peo(x) (8-5)
PD~ (x) = Pea (x)· P{r) (x) < Po}· [1- PHO(x)] + PTa (x)· P{r2 (x) < po} (8-6)
PeolX) is the probability for a MT to remain on current link up to position x (no handover
takes place before .v). PTO (x) is the probability for a MT which has already switched to the
target link before position x (handover condition is satisfied as least once before x).
Pea (x) + PTO (x) = 1. In (8-5), for a handover to take place in position x, the handover
condition must be satisfied and the active MT should remain on current link. This equation
can be applicable to handovers for both single channel mode and dual channel mode. In (8-6),
the first term is the probability for a call being terminated on the current link, the second term
is the termination probability on the target link. For single channel mode, this is the
probability of forced call dropping. For dual channel mode, this is the probability of transition
from dual channel mode to single channel mode. Based on (8-5) and (8-6) and parameters
giyen in Appendix-6, handover probabilities and probabilities of forced termination are shown
in Fig. 8-9. 8-10, 8-11 and 8-12. In producing these graphs, the standard deviation of
shadowing remains the same (8dB).
\Vith a fixed hysteresis margin (5dB), the relation between handover position, probability of
forced termination and number of averaged samples is shown in Fig. 8-9 and Fig. 8-10. Fig. 8-
11 is the handover probability against position x with various number of samples (l0-100).
Fig. 8-10 is the forced termination probability against position x. From Fig. 8-9, a smaller
number of samples results in pre-mature handover and a larger number of samples results in
delayed handover. From Fig. 8-10, handover position has a great impact on the probability of
forced termination. With a small averaging window, handover happens when the target
satellite elevation angle is still low. Without the support of backward handover, once the new
link is blocked or shadowed, the link has to be terminated. Therefore a smaller number of
samples results in higher rate of dropped call. In order to obtain a satisfactory call termination
probability, handover has to be delayed by increasing the number of samples. Ideally,
handover should take place at the middle of overlapped area (x = 50%) which corresponds to
the curves with 50 to 70 samples. Based on radio link frame structure introduced in chapter 2,
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the highest sampling rate is 1 sample/sec. An average window of 50 to 70 samples requires 50
to 70 second, this is too long for the handover initiation.
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Fig. 8-9 Handover probability
in signal level based handover
Fig. 8-10 Forced termination probability
in signal level based handover
With a fixed number of samples (50), a similar relation exists between handover position,
probability of forced termination and handover hysteresis margin. This is shown in Fig. 8-11
and Fig. 8-12. Satisfactory rate of forced termination can be achieved by increasing the
hysteresis margin H therefore increasing handover delay. With 50 samples, an optimised
handover position can be achieved when hysteresis margin is 5 to 7 dB.
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Fig. 8-11 Handover probability
in signal level based handover
Fig. 8-12 Forced termination probability
in signal level based handover
From Fig. 8-10 and Fig. 8-12, a delayed handover usually results in lower call termination
rate. This can be explained by the follows. A forced terminated call happens either on current
link or on target link. With smaller number of samples or smaller hysteresis margin, pre-
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mature handover takes place very often (Fig. 8-9 and Fig. 8-11). Without handover In
backward direction, for forced termination most probably happens on target link because of
the low satellite elevation angle and poor call quality on the target link. On the other hand, the
increased number of samples and larger hysteresis margin usually result in delayed handover
(Fig. 8-9 and Fig. 8-11). In this case the terminated call most probably happens on the current
link since the link gets worse if the user stays longer in the overlapped coverage area. But
because of the forward handover, call termination probability on the current link is much
lower than that on the target link. Finally, a delayed handover produces lower forced call
termination probability.
In reality. an average window of 5 to 10 seconds is considered to be reasonable, this
corresponds to only 5 to 10 measurement samples. Therefore, the signal level based handover
always results in pre-mature handover and high probability of call dropping. To improve
performances. other parameters have to be used for handover initiation.
8.2.3 Positioning assisted handover
Since a MT handover position has a great impact on handover performance in a dynamic
mobile satellite system, it must be useful if the network gets each active MT's position and
makes the handover decision with the help of this information. Several approaches have been
foreseen to be applicable to estimate an active MT's position during a call. But the algorithm
introduced in the previous section is a simpler and more practical one. Its positioning results
can be applied to this section for handover initiation.
Two positioning related handover algorithms are investigated in this section. The first one is
purely based on MT's position, and is considered to be more applicable to spotbeam
handover. The second one is based on both MT position and signal level measurement, and is
more applicable to satellite handover. Their handover performances are evaluated below and
results are compared with that of signal level based handover.
8.2.3.1 Positioning based handover algorithm
As has been mentioned before, a pre-mature handover results In high probability of call
termination since the target link is still weak, and a delayed handover results in low call
quality because of the low elevation angle to current satellite. Ideally, a handover should
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happen in position .r = Lmax / 2. If the active MT's position is available from the LES, based
on this information. it is considered that handover position can be optimised and very little
handover delayed is produced. What we are interested in this section is the probability of
forced termination. because the radio link condition is not taken into account with a
positioning based handover algorithm.
Assuming the MT positioning uncertainty u is a stationary zero mean random process which
confirms to normal distribution: II - N(O, O"~), 0"1/ is the standard deviation [54]. For an
active MT in position .r, with positioning approach developed in section 8.2, the estimated
position x can be obtained and we have x - N(x, 0":). With this information available from
the network side. a handover decision can be made.
First of all, the spotbeam overlapped coverage is divided into three areas: Ax' B; and C
x'
This has been shown in Fig. 8-8. Area B, represents ideal handover position.
B; =[Lma.x /2 - tu., Lmax /2 + tu.]. Because of the satellite motion, a user always passes the
overlapped coverage in the sequence Ax' B; and Cx' For a MT in position x, if the estimated
position x E Bx ' handover to target satellite is compulsory. The smaller the area Bx ' the more
accurate the handover initiation, but the probability for a call missing its handover throughout
the whole range of the overlapped area will be higher. In the following, tu. is chosen to be
Lrruu /20 .For a MT in position x, the probability for the network to initiate a handover PHI (x)
and the probability of forced termination Pm (x) can be calculated as
Pm (x) = PCl (x)· P{rl (x) < po}' [1- PHI (x)] + Pr l (x)· P{r2 (x) < po} (8-8)
The definitions of PCl (x) and PTI (x) are similar to (8-6), but the required handover condition
is different. Similar to before, (8-7) can be applicable to both single channel mode and dual
channel mode. But in (8-8), Pm (x) represents either the forced call dropping (single channel
mode) or the transition from dual channel mode to single channel mode. Based on the
definition of (8-7) and (8-8), PHI (x) and Pm (x) are calculated and results are shown in Fig.
8-13 and Fig. 8-14. In producing these graphs, the standard deviation of positioning
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uncertainty is ranged from 5 to 25 km. For a positioning based handover, several features
exist. Firstly, because no average window or hysteresis has been introduced, a handover can
be started immediately and produced handover delay is zero. Secondly, comparing Fig. 8-13
with Fig. 8-9 and Fig. 8-11, positioning based handover has more accurate handover position
in the condition that standard deviation of positioning uncertainty is not too high. If this
uncertainty is high, a signal level based handover behaves better when the sample number and
hysteresis are optimised. Based on the positioning approach introduced in section 8.2, 10 km
positioning uncertainty can be achieved for a call which lasts longer than 10 - 20s. This means
most calls can initiate accurate handover with the positioning based handover algorithm.
Moreover. for a mobile satellite system with its isoflux antennas projecting onto the surface of
the earth, signal level based handover can not work properly because the received signal level
doesn't change much along with the satellite motion, unless the MT has already been in the
spotbeam coverage edge. In this case, a positioning based handover is a better solution since
the signal level measurement is never used during the handover decision. Finally, the forced
termination probability in area Ax is greatly influenced by the positioning uncertainty. But in
area Cx ' this influence becomes very small. In area Ax' any call which makes handover
decision will face high probability of being terminated, because the target link is too weak.
The larger of the positioning uncertainty, the easier for a call to be handed over in area Ax'
Therefore, the forced termination probability increases as positioning uncertainty increases. A
different situation exists in area C . In this area, most of the terminated calls take place onx
current link, they are those calls which fail to detect a handover when they pass area Bx' The
population of these MTs is not sensitive to the positioning uncertainty.
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Fig. 8-13 Handover probability
in positioning based handover
Fig. 8-14 Forced termination probability
in positioning based handover
8.2.3.2 Positioning and signal level combined algorithm
Another positioning assistant handover algorithm is to make handover decision through the
combination of position information and signal level measurement. This combined handover
algorithm is only applicable to a satellite system with attenuated antenna radiation pattern
around the edge of each beam. With this new approach, handover can be initiated in more
accurate position and forced termination probability can be decreased.
In a combined handover algorithm, three areas in the overlapped satellite coverage are treated
differently and different handover initiation criteria are used. In area A ,the current satellite
x
elevation angle is still high and generally a good call quality can be guaranteed. At the same
time. the target link is too weak to support a call. If a handover takes place in this area, the call
will face a high probability of being terminated because no backward handover is considered.
For this reason, no handover is suggested for a MT in area Ax' Working in this way, it is
thought that a low overall all termination probability can be achieved by avoiding call
termination on target link at the cost of increased call termination probability on current link.
In area Bx ' handover is strongly suggested. Handover initiation criterion in this area is mainly
based on MT position information. This will produce an ideal handover position, at the same
time, forced termination probability is kept to a moderate level. Finally, unlike the positioning
based handover algorithm, ex is also a possible area to initiate handover. This gives the
active MT a last chance to switch to the target satellite link in case the network fails to make
handover decision throughout area B; because of the positioning uncertainty. It is considered
that by switching the MT away from its current link, forced termination probability in this last
area can be decreased. Handover criterion in this area is mainly based on signal level
measurement since the difference between the two satellite links is getting larger and this
makes it easier for the network to make the decision.
To start with the performance evaluation, the handover algorithm in area Bx is analysed.
According to the results presented before, with a positioning based handover algorithm,
handover can be initiated in an ideal position for a smaller positioning uncertainty. But for
those MTs whose positions are not accurate, pre-mature handovers still exist, this can be seen
from Fig. 8-14 when the standard deviation of positioning uncertainty is 20 to 25 km. It has
been foreseen that this performance can be improved further if signal level measurement is
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combined with positioning information, since signal level was never used in the positioning
approach introduced in section 8.2.
From Fig. 8-8. within the defined handover area Bx ' signal level difference should satisfy the
following relation
for all x E B
.r
(8-9)
This can be another condition to initiate a handover. We introduce this restriction into the
handover decision for two reasons: (i) Positioning uncertainty can be reduced by signal level
measurement. (ii) With the restriction from (8-9), call termination probability should become
smaller in area A.
x
since the probability for both links to be shadowed simultaneously is low.
Based on this, probability to make a handover decision in area B; can be expressed as
(8-10)
Handover criterion used in area C, is based on signal level. The algorithm can be exactly the
same as the one mentioned in section 2. Hysteresis margin is chosen to be M(Lmax / 2 + Ax) .
It is thought that any hysteresis smaller than this figure has little help in reducing the call
termination probability since most MTs before position Lmax / 2 + Ax have already been
filtered by the algorithm used in area B
x
' On the other hand, any hysteresis larger than this
value will result in undetected handover for those MTs which have just passed area Bx ' It
should be noted that with this hysteresis margin, a handover delay is introduced. IT most
handovers have been initiated in area Bx' this delay is only applicable to those undetected
handovers which take only a small portion. Handover probability in area C, can be expressed
as
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Finally. for a MT in position x, handover probability PH 2 (x) and forced termination
probability PD 2 (x) are defined by (8-12) and (8-13).
PH 2 (x) =PBH 2 (x)· Pel (x) + PCH 2( x ) • PC2 (x) (8-12)
(8-13)
Again. the definitions for PC 2 (x) and Pn (x) are similar to (8-6) but with a different handover
initiation condition. Similar to before, (8-12) can be applicable to both single channel mode
and dual channel mode. But in (8-13), PD2 (x) represents either the forced call dropping
(single channel mode) or the transition from dual channel mode to single channel mode. As
can be seen from the following graphs and discussions, with the association of signal level,
performance improvement is significant.
In Fig. 8-15. handover probability in vanous positions IS calculated from (8-12). By
comparing Fig. 8-15 with Fig. 8-13, the new algorithm results in a more accurate handover
position. This is the contribution from the first term in (8-12). In the worst case (positioning
uncertainty is more than 20km), we can still start a handover around its ideal position. The
main reason for this improvement comes from the fact that signal level is also considered in
making handover decision, thus the MT positioning uncertainty has been reduced. Fig. 8-16 is
the forced termination probability calculated from (8-13). Similar to Fig. 8-15, positioning
uncertainty has a great influence to the forced termination probability in the first area, but not
for the last one. Because of the algorithm used in area ex' the forced termination probability
can only be influenced by the shadowing condition.
50
Shadowingstandard daviation =8dS .
number of averaged samples =10
standard deviation of positioning uncertainty: :- , -1
(1) 05km (2) 10km
.{3)15km· . (4)20km
(5) 25km
-60 5 10 15 20 25 30 35 40
Position X in the overlapped area (in percentage)
-5.8
-4.2
~-4.41-·······f~
'5
g-4.6
-'
"~ -4.8
c
E1!! -5
il
] -5.2
(;
~-5.4
:.i5
1l
e-5.6
0..
90 100
0.01
shadowmq standard deviation =8dS
0.08 number of averaged samples = 10
standard deviation of posnioning u e inty:
x 0.07 (1) OSkm (2) 10km
,g (3) 15km (4) 20km
'is 0.06 (5) 25km
Q.
-5
~ 0.05
o
-0
C
..
s: 0.04
(;
>-
"":is 0.03~
0..
0.02
Fig. 8-15 Handover probability Fig. 8-16 Forced termination probability
in positioning assistant handover in positioning assistant handover
Ha'~~dover Teehoiques and Network Integration'betwe~~"" . "":~~."""""~"~.:....".. :~~""".~,.. ,,"..~"~.:,,,,"~,,~~.:~~"""~"'"~~"""""""'~'"~"''''''"~'~'~"~''~''''"I9'O'''''
GSM and Satellite Mobile Communication Systems
For comparison. finally the investigated performances for each considered handover algorithm
are plotted by applying the same conditions to their corresponding equations. Results are
shown in Fig. 8-17 and Fig. 8-18 together with their applied parameters. In order to make the
comparison more effective, hysteresis has been chosen to be zero for a signal level based
handover algorithm. In this way. the positioning based handover algorithm produces zero
handover delay and the other two algorithms have the same delay which is caused by signal
level measurement.
Handover probabilities are shown in Fig. 8-17. Compared with signal level based handover,
improvement obtained by positioning assistant algorithm is significant. In addition, the
combined handover location achieves 10% improvement than that of a positioning determined
handover.
In Fig. 8-18. call termination probabilities are shown for each handover algorithm, with each
of them having the same shadowing environment and positioning uncertainty. The dashed line
is a signal level based handover which is produced by (8-6); The dotted line is a positioning
based handover which is produced by (8-7); Finally the solid line is produced by (8-12),
handover can be initiated in both area B; and C
x
'
Several conclusions can be made from Fig. 8-18. Firstly, with a MT's positioning knowledge,
the forced termination probability can be much lower compared with a signal level based
handover algorithm. This can be seen by comparing curve 2 and 3 with curve 1. Secondly, in
area Ax' a positioning based handover and a combined handover have similar performance.
This is because they have the same handover initiation criteria in this area. Thirdly, the forced
termination probabilities are slightly different in area B; for curve 2 and 3. The best
performance is achieved by a combined handover algorithm, this can be seen from the solid
line. In area C
x
' the forced termination probability for a positioning based handover is also
higher than that of a combined handover algorithm. With a positioning based handover,
because of the positioning uncertainty, there is a probability for the network obtaining a MT's
wrong position through the whole range of area B
x
' A call which fails to make handover
decision in B, will continue to use the current link in area C
x
' Without handover support in
C this call will finally be terminated on its current link. This results in enlarged tail of the
x '
dotted line in Fig. 8-18. On the other hand, with the assistance of signal level detection in area
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ex' a call which has missed its handover in B; will be detected through signal level
measurement in ex' and finally be switched to its target link, thus the forced call termination
probability can be decreased in this area (solid line).
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Handover issues within the satellite network have been addressed. A MT positioning assisted
handover scheme has been proposed for both inter-satellite handover and inter-beam
handover. Compared with inter-network handover, requirement to positioning accuracy is not
very high. In general, 15-20km's accuracy is good enough to initiate accurate handover. To
achieve this positioning accuracy, numerical results presented in chapter 5 show that it only
takes the Kalman filter several seconds duration. Therefore a handover can be initiated soon
after the call set-up. With the MT position assistance, performance during a handover can be
greatly improved without any additional cost.
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Chapter 9
Conclusions
This thesis has analysed handover related issues in a GSM and satellite integrated mobile
communication system. Several topics have been discussed: GSM-satellite integration system
architecture. inter-network handover scenario and handover scenario within the satellite
network. In particular. positioning assisted handover schemes have been proposed for various
handover types in the integrated system.
For inter-network handover, optimised integration scenario has been proposed from handover
point of view. Based on the proposed system architecture, various handover initiation criteria
and handover networking procedures were designed and performances have been evaluated
under various conditions. Through numerical analysis, to perform efficient inter-network
handover, the two networks should be integrated at BSS level, and GSM network takes the
master position in a master-slave relationship. This system architecture is required by
handovers in both directions: GSM to satellite handover and satellite to GSM handover. The
GSM to satellite handover scheme proposed in the thesis is a mobile assisted backward
handover, initiated by signal level and MT-BS distance measurements. Similarly, the satellite
to GSM handover scheme proposed is also a mobile assisted backward handover, but initiated
by signal level and MT positioning measurements. Performance analysis shows that much
better performances can be achieved if the network has taken MT position or distance into
account during a handover process.
The handover performances concerned in the handover initiation stage are handover position,
probability of unnecessary handover and call dropping probability. Through numerical
analysis, the inter-network handover differs from the GSM one in such a way that the
handover position is generally distributed in a wider range. This inaccurate handover position
results in frequent unnecessary handover, increased call dropping probability and decreased
call quality. Therefore one major objective for inter-network handover design is to have the
handover position under control. For this reason, two different handover initiation criteria
have been proposed in the two handover directions. In GSM to satellite direction the,
handover is initiated by signal level and MT-BS distance. In satellite to GSM direction, the
handover is initiated by signal level and estimated MT's position. To minimise unnecessary
handover rate, the expected handover positions in the two directions have to be staggered by
certain distance. Through numerical comparison, the proposed handover initiation schemes
achieve similar performances to those of GSM handover.
Performances concerned in the handover execution stage are handover execution time,
handover break duration and GSM network modifications. Numerical analysis of handover
execution has been performed according to various connection establishing schemes and
system architectures. Through the discussion addressed in chapter 7, handover in different
directions require the same system architecture and similar signalling procedures. For a GSM
to satellite handover, a BSS level integration benefits each of the above mentioned
performances. In addition, a backward handover achieves shorter handover time and less
modifications on GSM interfaces. For a satellite to GSM handover, a BSS level integration is
also preferred. In this handover direction, the backward handover is the only choice since the
GSM network does not accept forward handover.
Handover within satellite network has been addressed in the last chapter. In this chapter, MT
in-call positioning technique was used again to support handover between spotbeams or
satellite footprints. Through performance analysis, the proposed positioning technique will
benefit both handover stages. In the handover execution stage, the MT position can be used to
prepare a handover. Meanwhile, it also results in faster re-synchronisation with the target
satellite. In the handover initiation stage, the position information can be used to determine
accurate handover initiation time, so that the handover takes place in expected position,
therefore, has a better handover performance.
As a conclusion, to achieve acceptable performances, handovers in a GSM-satellite integrated
system require properly designed system architecture, handover signalling procedure,
handover initiation criterion, and mobile terminal positioning technique.
194
Appendixes
Appendix 1 :Kalman filtering theory
Consider a discrete stochastic dynamic system described by a stochastic vector difference
equation:
k=OI .. ·, <A-I-I>
where the system state at t k: is x k' an n-vector; cp is an n-vector function, r is n x r, and
{OJ s :k =1.2 .. -} is and r-vector, with Gaussian sequence, OJ k - N(0, Qk ). The distribution of
the initial condition Xo is independent of {OJk}' Let discrete, noisy, m-vector measurements
Yk be given by
k= 12 ..., <A-I-2>
where h is an m-vector function and {vk , k = 1,2 .. -} is an m-vector, white Gaussian sequence,
l'k - N(0, Rk), s, > 0. For simplicity, {OJk} and {vk} are assumed to be independent, and
{OJ k} is independent of xo' For a dynamic system expressed by <A-I-I>, each measurement
Yk corresponds to a system state vector xk. By processing each measurement Yk step by step
with a Kalman filter, system state x k can be estimated more and more accurately [50].
More specifically, we simplify <A-I-I> by considering a linear dynamic system expressed by
<A-I-3>.
with
X k+! =cp(k+I,k),xk +r(k)·OJk+!
Yk=M(k)'Xk+Vk
<A-I-3>
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e{mk }=O.
e{"k}=O,
e{mkm;} =Q(k)8 kl
e{"kvr}=R(k)8k1, R(k»O
With each new measurement sample Yk+I' system state estimation x(k + 1) can be obtained
according to the following procedures:
1. store the filter state [.t(k / k), P(k / k)] ;
2. compute the predicted state x(k + 1/ k) =cp(k + 1, k)x(k / k) ;
3. compute the predicted error covariance matrix
Pi]: + 1/ k) =cp(k + 1,k)P(k / k)cpT (k + I,k) + r(k)Q(k + I)r T (k);
-+. compute the filter gain matrix
K(k + 1) = P(k + I,k)MT(k + 1)[M(k + I)P(k + I,k)MT(k + 1) + R(k + 1)r1 ;
5. process the measurement Yk+1
x(k + 1, k + 1) = x(k + 1, k) + K(k + I)[Yk+l - M(k + I)x(k + 1, k)];
6. compute the new error covariance matrix
P(k + I,k + 1) = [I - K(k + I)M(k + I)]P(k + I,k);
7. set k =k+I, and return to step (1).
Repeat step (1) to step (7) for each measurement Yk+l' system state estimation x(k + 1) will
converge to its true value x(k + 1) if k is large enough.
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Appendix 2 : Standard deviation of averaged measurement samples
ASSUl11ing x(i) is a random variable with mean /10 and standard deviation a 0' i =1,. . ',00 •
y(i) is the averaged value of .r over N samples, e.g.:
1 iV-I
y(i) = -Lx(i - n)
N n=O
(A-2-l)
If a represents the standard deviation of y(i) , we have
(A-2-2)
in which /1~. can be given by
(A-2-3)
E{y 2 (i)} =E{[~ ~X(i - .:
{
I N-I 2 N-I N-I }
=E N' ~x'(i-n)+N' ~~x(i-m)x(i-n)
(A-2-4)
If the correlation coefficient of x(i) is Y , so that
{ ( . ) (. )} 2 Im-nlEX1-mXl-n =ao'y (A-2-5)
then
2 2 2 N-I N-I
E{y 2 (i)} = /1; +~ + a20 L L y1m-nl
N N n=Om=O
2 2a 2 N I]
=p2 +~+_O[(N-l).y+(N-2).y2 +... +(N-N+l)·y -
o N N 2
(52 [ N-I ( n ) ]
=p; +_0 1+ 2· L 1- - .r"
N n=1 N
(A-2-6)
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Finally. we have
(A-2-7)
Appendix 3 : Link power parameters for GSM network
Main parameters of link power calculation for GSM network are given in the following table.
The figures come from GSM 05.08. Only part of the parameters introduced in GSM 05.08
have been applied in order to simplify the performance analysis.
Link power applied in the performance analysis for GSM network
Parameters Applied values
P,(x) : power received by MT EIRP-L+Gr
EIRP: 40dBW
L: path loss A+B·log lO(x)
G, : receiver antenna gain OdB
L\(e) : antenna pattern directional loss NA
d
rnax
: HO distance threshold 26km
Pho : HO signal level threshold -136dBW
Pmin : receiver sensitivity -142dBW
p .: provided margin 10dB
margm
On GSM link, with the assumed parameters, a BS can provides radio link coverage up to
30km radius. The handover distance threshold d max is selected to be the centre of the
overlapped area produced by two BSs. The handover signal level threshold corresponds to the
MT received signal level at x = d under moderate shadowing situation (shadowing
max
standard deviation is 5dB).
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Appendix 4 : Standard deviation of delay measurement noise
Assuming the bit duration for radio link transmission is T. Timing measurement error in the
receiver is a random variable with normal distribution, mean J1 and standard deviation (J. In
order to make a given bit properly sampled, the sampling time should be within the bit
duration even though timing error exists. We assume that 99% of time the sampling IS
correctly located within the bit duration, therefore we have
1 p+T/2 [(X- J1)2JJ2ii f exp - 2 dx =0.99
21r(J Il-T/ 2 2(J
(A-4-l)
If bit rate on the radio link is 36kbits/s, J1 =0, then we have (J =O.73us. Equivalently,
standard deviation for distance measurement error is (J n = C . (J = O.22km , c is the velocity of
light.
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Appendix 5 :Signalling message prefix estimation
MTP /eve/2
From [56]. three types of signal unit have been defined, i.e.: message signal unit (MSU), link
status signal unit (LSSU) and fill-in signal unit (FISU). They are differentiated by means of
the length indicator contained in all signal units. The MSU is re-transmitted in case of error,
LS and FI signal units are not. Their basic formats are shown in the following graph. From
this graph. at MTP level-Z, there are 7 octets overhead for MSU (The opening flag of one
signal unit is normally the closing flag of the preceding signal unit. Therefore, one octet flag
for each signal unit). It should be mentioned that the SIO includes a 4-bits Service Indicator
(Sl) which distributes the message to different user parts of MTP (SCCP, ISUP, etc.).
1\
F B
F CK SIF SIO 1I I FSN I BSN F FirstB B bit
8 16 8n,n>=2 8 2 6 1 7 1 7 8 ~
a) Basic format of message signal unit (MSU)
1\
F B
F CK SF 1I I FSN I BSN F FirstB B bit
8 16 8 or 16 2 6 1 7 1 7 8 ---.
b) Format of link status signal unit (LSSU)
1\
F B
F CK 1I I FSN I BSN F FirstB B bit
8 16 2 6 1 7 1 7 8 ~
c) Format of fill-in signal unit (FISU)
CK - Check bits
F - Flag
LI - Length indicator
SF - Status field
SIF - Signalling information field
SIO - Service information octet
MTP /eve/-3
The MTP level-3 has two functions: signalling message handling and signalling message
management [56]. The signalling message handling function is based on the routing label
which identifies the destination and originating points. Structure of the routing label is shown
in the following graph. From this graph, the routing label on MTP level-3 takes 4 octets.
OPC • Originating point code
4
DPC - Destination point code
SLS - Signalling link selection
SLS OPC DPC First
bit
14 14 -
-
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Therefore, the total header length in MTP level-I to 3 is 7+4= II octets.
sCCP header
As an SS7 protocol, SCCP has many functions. The SCCP enhances the services of the MTP
by providing improved addressing capability. As mentioned before, the addressing capability
of MTP is limited to delivering a message to a node and using a four-bit service indicator to
distribute messages within the node. SCCP supplements this capability by providing an
addressing capability that uses DPCs plus Subsystem Number (SSNs).
In addition to enhanced addressing capability, SCCP provides four classes of services, two
connectionless and two connection-oriented. The four classes are: Class 0: basic
connectionless service; Class 1: sequenced connectionless class; Class 2: basic connection-
oriented class: Class 4: flow control connection-oriented class.
For A-interface
Only a small part of them has been used on the A-interface: class 0 and class 2. The class 0
mode is used on the A-interface for the messages not directly related to a single mobile
station, such as reset or overload indication. The class 2 mode enables to distinguish
independent transactions for each individual mobile station. In this mode, the connection is
initiated either by BSC (for call set-up or location update) or by MSC (inter-MSC handover).
With class 2 mode, one-to-one correspondence between a MT and an MSC is be made
possible. It should be mentioned that this mode is used to support DTAP message. This is
detailed in the following table. From this table, only class 2 mode needs to be taken into
account in the thesis.
A-interface Protocol class
BSSAP BSSMAP Global procedure (paging) class 0
Dedicated procedure (RO) class 2
DTAP (call setup, location update, RO) class 2
As was specified in [56], in the service mode class 2, three different phases exist: connection
establishment phase, data transfer phase and connection release phase. Signalling format for
each phase is introduced below.
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Connection establishment phase: To set-up a SCCP connection, Connection Request (CR)
and Connection Confirm (CC) messages will be exchanged between origination and
destination signalling points. We assume that in CR and CC messages, there are no user data
and optional parameters, the called party address is only a SSN to distinguish BSSAP from
O&M (point-to-point network architecture, routing can be based on SPC included in MTP
routing label and SSN. instead of GT), then their formats can be given by
Connection Request Connection Confirm
Parameter Length (octets) Parameter Length (octets)
Routing label 4 Routing label 4
Message type 1 Message type 1
Source local reference 3 Destination local reference 3
Protocol class 1 Source local reference 3
2 pointers 2 Protocol class 1
Called party address 1 1 pointer 1
Therefore. we have 12 octets in CR and 13 octets in CC for each signalling connection setup.
Data transfer phase: From [56], the service class 2 makes use of "data form I" (DTl) during
its data transfer phase. The SCCP signalling format for DT1 is shown in the following table.
Parameter Length (octets)
Routing label 4
Message type 1
Destination local reference 3
Segmenting / reassembling 1
Pointer 1
User data 2 - 33
In addition, the user data also includes a discrimination (1 octet), a Data Link Connection
Identification (DLCI) and a length indicator. This is shown in the following graph. The
discrimination is used to distinguish DTAP from BSSMAP. The DLCI is used to indicate the
type of data link over the radio interface (corresponds to different SAPI values), it is only
applicable to DTAP messages.
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DTAP BSSMAP
1 octet Discrimination Discrimination 1 octet
1 octet DLel
1 octet Length Indicator Length Indicator 1 octet
Layer 3
Message
Layer 3
Message
As a result, during data transfer phase on the A-interface, the SCCP header for DTAP
message is 13 octets. for BSSMAP message is 12 octets.
Connection release phase: Two messages are involved in this phase, Released (13 octets) and
Release Complete (12 octets).
For MAP procedure
In GSM, the MAP procedure makes use of SCCP class 0 service mode. In the class 0 service,
a user-to-user information block, called "Network Service Data Unit" (NSDU), is passed by
higher layers to SCCP in the origination node; It is transported to the SCCP function in the
destination node in the user field of a unitdata (UDT) message; At the destination node it is
delivered to higher layers. The NSDUs are transported independently and may be delivered
out of sequence. Thus, it is pure connectionless.
From Table ll1Q.713 [56], the structure of UDT is shown in the following table. The total
signalling overhead is 14 octets assuming only SPC is used for called and calling party
address. If global title is used, the header can be 16-32 octets.
Parameter Length (octets)
Routing label 4
Message type 1
Protocol class 1
Pointer 3
Address type 1
Called party address (SPC) 2
Calling party address (SPC) 2
User data 2 - 33
--~':.:<,"'»:<-."'''''.,:-:.».~.:-.............'''''-.:. --_...-:...~..._,...........",:'<',......».~
. .--~1andover Techn~ques and Network lnteqratlon between
GSM and Satellite MobHe Communication Systems
TCAP
The TCAP is the application layer used for non circuit-related applications. It is divided into
two sub-layers, the Transaction Sublayer (TSL) and the Component Sublayer (CSL). The TSL
is used to set up a dialogue between two TC-users. The main TSL primitives are BEGIN,
CONTINUE and END. In the thesis, we assume 10 octets for BEGIN and END, 16 octets for
CONTINUE.
Within each TSL message (dialogue), there may be several components, each of which
corresponds to an inquiry or a response. The exchange of components between TC-users is
handled by CSL. The most commonly used CLS primitives are INVOKE and RETURN
RESULT. In the thesis, we assume 10 octets for INVOKE, 12 octets for RETURN which
includes information elements, 13 octets for INVOKE which is linked, and 5 octets for
RETURN RESULT which serve only as an acknowledge (no information elements).
MAP
Detailed MAP procedure has been defined in [10]. In the MAP procedure, each signalling
message has a number of parameters, and each parameter has 2 octets to specify its Tag and
Length.
Appendix 6 : Link power parameters for satellite network
Main parameters of link power calculation for satellite network (lCO-IO) are given in the
following table. The figures come from "lCO-iO System Design". Again, only part of the
parameters introduced in "lCO-iO System Design" have been applied in order to simplify the
performance analysis.
Link power applied in the performance analysis for leO-to system
Parameters Applied values
P,(x) : power received by MT EIRP - L\(8) - L + G,
EIRP: 33.2dBW
L: path loss 181.9
G : receiver antenna gain 2dB
r
L1(8) : antenna pattern directional loss Hi 1e -
d : HO distance threshold NA
max
Pho : HO signal level threshold NA
P: : receiver sensitivity -I63.8dBW
nun
P .: provided margin I5dB
m arg In
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